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ARTICLE L 

Defcription and U/t of the Station Pointer ; an Inflrumtnt for 
readily afcertaining the Situation of the Obfcner qfter having 
determined the angular Pofition qf three known OljeRs^ Con^ 
ftruRedhy Huddart, Efq. F. R* S. and comrnum 

mcattd by him to the Editor, 

J[ HAVE long been defirous of prefenting my restders wlth lnftrumcnt for 
a drawing and account of the inftrument which forms the fub- 
je6t of the prefent paper. Its utility in protra^ing the fitu«of two angles 
ation of a veflel upon a chart from an accurate obfervation 
die fextant of the angular pofition of three known objedls on 
fliore, inflead of the uncertain and rough methdd of bearings 
by compafs^ is great and obvious; and if any oihei^ recommen- 
dation could be defired. it would be that of its repeated apn 
plication ki the hands of a man of fcience and experience*^ 

Jhis We have the fatisfaftion to pofTefs in the public labours of 
Mr. Huddart^ whofe maritime furveys are too well known 
and efieemed to require the fufTrage of any individual at this 
day. The. very firft occafipn. when I hapfeoed to have the 
pleafpre of ponverfing with him. 1 requ^ed the communi- 
cation of this inltrument^ with which he with great readinefi 
favouredme# and from which the drawing exhibited inpktf L 
Was made. 

: Voi.. Vlt— Janvaky^ 1804% B 
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STATION POINTER FOE. MARITIME ttlRVEYI# 

^ It confids of a circle divided into 360^ and filled wilk 

C C D and C A ; the fird of which is fixed at zero 
^HMSitgwt other two are moveable, and have each a nonius (hew- 

and io||i^fingle minutes of a degree. The centre at C is perforated 

^ admit t|je pointer L> which is c^^lindrical and well 
'oyenrer. to the hole, where it ferves to give a correfpondent 

jNiatk upon the chart or paper when in ufe. I is a mag'^^^** 
carried by an arm, having its reflector K to throjv light on the 
divifions, and its cylindrical fiem H to be inferted in the hollow 
centre at C. As it mud, while in this (ituation, prevent the 
introdudlion of the dee! ppint L, the dem H is itfelf perfo- 
rated in order to allow a fmaller deel point M to be introduced 
for the fame purpofe. The radii A B and D are of brafs ; but 
they may be prolonged to an extent that would render them 
heavy and inconvenient if of metal, by the addition of three 
rulers of wood, which are attached when required by milled 
head fcrews and deady pins, as diewn by breaking the radius 
A, and alfo in the fide view at G. 

The arms D and B are capable of being brought very near 
each other, and confequently of being fet to a very finall an- 
g]e; but A cannot, on account of the noniufes, be brought 
within ten degrees of D. Whenever, therefore, the left hand 
angle happens to be fmall, it becomes necedary to carry the 
arm A round, until by its. fituation on the other fide of B, it 
comes to be employed to take the right hand angle, a^id con- 
iequently leaves the led to be taken between D and B. 

The pointer A is provided with a clamp, by means of which^ 
that arm can be fird fecured in its place, and the pointer D is 
then fet without fear of didurbingthe fituation of the arm fird 
let. It feldoni happens that both angles are fmall in maritime 
furveying; fo that the condition that A cannot be brought very 
near either of the otber arms, has not been found produ^tve 
of inconvenience. »■ 

In Fig. 1 . Plate III. let A, G, and M reprefent three objedls, 
of which the actual didances from each other are known and 
projeded in a chart. Suppofe an obferve^ at H to have mea- 
iured Ihe angle A H M=s22^.40', and the angle M H G =e 
53^.59^ it is r^uired to protrad the place H by means of the 
fiation pointer. 

Solution. Set the arms of the mdrument to the refpodivo 
engles, and apply*tbem to chart lo that each poiat A, M, 

and 
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lihd G, (hall be found upon the fiducial edge of its refpetfive ' 

pointer. The center will then be found at H, which may be 
marked by the Heel point. 

Rationale of the Profcefs. When an obferver at H fees M 
and A at the angular diftance of 22®. 40' faom each otheri he 
muiyiimfelf (by Euclid III. 20.21.) be placed fomewhere in a 
eircle MAH, in which the line A M is the chord of twice 
that angle. l!\nd fo likewife when he obferves M and G under 
the angle 53®. 59' he muft be placed in another circle M G H, 
of which M G is the chord of twice that angle. Confequently 
H muft be at a point common to both circles ; namely where 
they interfefl. The more diredl the interfe£lion the lefs will 
the refult be aftefled by the errors of obfervation : — when the 
interfedtions are very oblique, the refult will in pradlice become 
uncertain; and in the cafe where the two circles coincide 
throughout, the determination by two angles will be no better 
than by one; that is to fay M may be any where in that circle. 

This laft cafe occurs when a circle drawn through all the ob- 
je6ls does alfo pafs through the ftation itfelf. 

In the figure already referred to H, denotes the weft garret 
window of my houfe in Soho-fquare, and the letters A) G, and 
M refpedlively denote the fteeples of the parifli churches of 
St. Anne Soho*, St. Giles, and St. Martin, laid down by their 
difference of latitude and departure from St. Paul’s church, 
obtained from the bearings and diftances in General Roy’s Sur- 
vey’s in the Philofophical Tranfa6tions, or the Account of Oper- 
ations carried on for accompli/hing a Trigonometrical Survey qf 
England and Wales, ^■'c. publijhed in quarto by Captain Mudge 
and Mr, James Dalhy. London, 1799, with 22j)lates, 

The table is at pages 194, 195 of the laft mentioned work. 

Whence and by obfervation with Hadley’s Sextant, the data 
are : From St. Paul’s 

St. Anfie’s bears S. 86®. 9'. 59" W. 7754 feet.-^Southing 
518.4— Wefting 7736.6 feet. 

St. Martin’s 8^ 74®. 23'. 59" W. 6748 feet. — Southing 
1805.2. — Wefting 6502.1 feet. ^ 

St. Giles S. 94®. 36' 28" W. 6917 feet.— Northing %5. 6— 

Wefting 6894.7 feet. 

* The fteeple of St. Annex's church has been fince rebuilt, and 
fhinda in the fame latitude^ but nine inches farther to the Eaft than 
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♦ 

Defcriptidn in4 Angle obferved between 8t. Giles's and St. Martin’s frodi 
22“. 40'i. 

Angle obferved between St. Marlin’s and St, Anne’s from 
ditto 53«’. 59'. ' ' , 

Conftrudion. Uraw the parallel pf St. Paul’s, and fet off 
the points A, G, and M by the refpedlive differences of latitude 
and of meridians to reprefent the churches of St. Anne, St. (5¥ies 
and St. Martin. Join A and G, the two obje6ls»moil remote 
in their bearings, and from the extremities A ahd G on the fide 
of the line fartheft from H, draw the lines Ah, Gh, making 
angles with A G refpcdlively, equal to the angles obferved on 
contrary fides of the line pointing to the middle object M. 
I'hropgli A,h and G deferibea circle; and through M and h 
draw a right line, which prolonged will cut the circle in H. 
Join AH, G H, and the angles h A G, M H G, and A G h, 
M H A will be refpcclirely equal, becaufe ilanding on the 
fame arcs h G and h A; that is to fay, the objedls will be feen 
from H under the obferved angles, and confequently H will be 
the place of the houfe. 

Computation. The numbers in the figure were had by care- 
ful confiruftion on a fcale of one inch to equal 100 feet> ufing 
a beam compafs, which divides tin) inch into 1000 parts. But 
as the computation may not be unacceptable to beginners in 
trigonometry, I will here give the procefs as a conclufion to 
the prefcnt paper. 

I. The triangle M A G is known. We have therefore the 
fulc A G and two angles given in the triangle A h G, which 
is thus determined, 

‘2. In the known triangle MAG by fubdufling the angle 
A G h from the angle A G M we gain the angle h G M which, 
with h G, G M, determines the triangle h G M. 

j. The angle H h G is (by Euclid I. 32) equal to the 
fum of the interior oppofite angles h G M, G M h: Thero- 
fore we have the fide h G (by paragraph 1) and tlie two an- 
gles H and h in the triangle H h G. Confequently that tri- 
angle is known, and the diftance from H, the houfe, to the ob- 
jc6l G ^ay be haef. 

4. In the triangle M G H the angle at G Is equal to the fum 
of the know'n angles M G h, h G H and the otlier angle at H 
and alfo the fide M G are known. Whence the triangle is de- 
termined, and the diftance from H to the obje^ M may be had* 

5. In 
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In llie triangle MAH, the angle at M is equal to the 
difference of the known angles G M A, G M H ; and thf 
angle at H, together,with the two tides AM, H M arc arffo 
known. Whence the third fide H A or difiance from the houfc 
to the objodl A may be found. 

Laflly the bearing of any of the three tides pf the tri* 
angle MAG may be had from the known difference pf ]ati« 
tilde and mefidianal dillance of its extremities t And thi$ bear- 
ing may with eafe be tlien applied to fhew the bearings of |he 
lines H A, H M, H G. 

W. N. 


11 . 

Experimental Effay^ on the Confiitution qf mixed Cafes; on tht 
Force of Steam or Vapour from IVater and other Liquids in 
different Temperatures, both in a Torricellian Vacuum and in 
M; ; on Evaporation I and on the Expanfion of Cafes by Heat, 

By John Dajlton. 

(Concluded from Page 273, Vol. VI,^ 

ESSAY III. 

OK EVAPORATION. 

'W'hen a liquid is expofed to the air it is gradually difli- £vjiporatl«a 
patcd in it. The procefs by which thiseffedt is produced we 
call evaporation* 

Many philofophers concur in the theory of chemical folution : Theory which 
atmofpheric air, it is faid, has an affinity for water; it is a ®*^“**®* 
menflruum in which water is foluble to a certain degree. It cS'folutlen 
is allowed notwithftandmg by all, that each liquid is convert- 
ible into an elaflic vapour in vacuo, which can fubfift inde- * 
pendcntly ru any temperature; but as the utmofl forces of thefe 
vapours are inferior to the preffure of the atmofphere in ordi- 
nary temperatures, they are fuppofed to be incapable of exift- ^ 

ing in it in the fame way as they do in a torticellian vacuum; 
hence the notion of affinity is induced. According to this the- 
ory of evaporation, atmofpheric air (and every other fpecies 
of air for aught that appears) diH'olves water, alkohol, ether, 
acids, and even metals. Water below 21^2® is chemically 
combined with tlie gafes; above 212^ it uflumes a new form, 

* 



ON EVAPORATION. 




»nd becomes a diilinfi elallic fluid, called fieam: whether 
^ water firft chemically combined with air, and then heated above 

212^j is detached frorp the air or remains with it, the advo<p 
-—Is obfcure and cates of the theory have not determined. — This theory has al- 
difHcnlt. ways been confider^d ascomplex ancfaltended with difficulties ; 

fo much that M. Pi£let and others have rejedled it, and adotjjted 


Theory of dif- 
^tind claftic 
vapours in the 
atmofphcre. 


Pofitions. Dif- 
ferent fluids 
evaporate with 
diftcrent rapi- 
dity. Evapo- 
ration is as the 
furface j it jn- 
creafes with the 
temperature j 
and when the 
air is in motion^ 
and is drier* 


that which admits of diflin6t clailic vapours in the atmofphere 
at all temperatures, uncombined with either of Sche principal 
conflituent gafes; as being much more iimple and eafy of ext 
plication than the other; though they do not remove the grand 
objedtion to it, arifing from atmorpheric preffiire. It has how- 
ever been made to appear in thefe cflTays, I prefume, that the 
objection to it from prejlTure, is itfelf founded upon an un-? 
grounded hypothefis. 

Leaving the theory of evaporation for the prefent, we (liall 
proceed to the experiments. 

The following petitions have been eftablithed by others, and 
need therefore only to be mentioned here. 

1. Some fluids evaporate much more quickly than others. 

2. The quantity evaporated is in direft proportion to the fur- 
face expofed, all other circumtlances alike, 

3. An increafe of temperature in the liquid is attended with 
an increafe of evaporation, not dire6lly proportionable. 

4. Evaporation is greater where there is a iiream of air than 
where the air is ftagnant, 

5. Evaporation from water is greater the lefs the humidity 
previoufly exifting in the almorpherc, all otiier circumftances 


the fame. 


' • The objedft in view in this efTay, are, 

Objefts of the 1 . To determine the precife effedt that a variation of tem- 
prefent effay, perature has upon the quantity evaporated. 

• 2. To determine the ratio of evaporability of different fluids^ 

3. To find a rule by which the quantity and effed of previous 
humidity in the air may be afeertained. 

4. From thefe and other fa6ls to obtain a true theory of eva- 
poration, , 


On the Evaporation qf Water 212® 

Water boiled in I took a fmall cylindrical veffel of tin, its diameter 3} and 
fini^t^time inches; and having fixed three pieces of wire to equi- 

Uy evaporation diffant poiiiU of the circumference^ they were fafiened toge- 
• ^»antity, . 
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ther at the top« and the extremities bent into a hook, by which 
the veiTel might be fufpended from the end of a balance^ &C. 

This done, the veflel was nearly filled with water, which » 

was then made to boiIt>ver a fmall red fire in different circum- 
(lances ; it was held in th^ hand and removed nearer to or fur- 
ther from the fire, fo as to be kept jufl at the point of ebullition. 

In ftfis (late the veffel and w'ater were weighed true to a grains 
and the inflai^ of time noted by a iv^tch ; then kept as above 
at 21 2*^ for ten minutes or more and again weighed: and the 
lofs of water by evaporation, per minute, was thus afcertained. 

The experiments were repeated feveral times in the fame as 
well as in different circumflances ; and the refults in no inflance 
differed materially when obtained in the fame circumflances. 

The lead evaporation per minute was 30 grains: this was— which was 

when the fire, or lamp, was in the middle of a room, the doors 

* . , . , furrounding air 

and windows (hut, and the air calm. was ftilleft. 

The next degree was 35 grains per minute or thereabouts : —and gradually 
this was when the evaporating veffel was over a fmall fire in 
the ufual fire-place; there being a moderate draught of air, 
and the room clofe. 

A brifker fire, caufing a flronger current of air up the chim- —the more ^ 
uey, gave from 35 to 40 grains per minute. was 

When the windows of the room were open, and a flrong 
wind prevailed, the draught over the fire was proportionally 
increafed, and the evaporation was from 40 to 45 grains per 
minute. 

The extremes that have thus been noticed are 30 and 45 
grains per minute: but were the experiment tried in the open 
air in high winds, I am inclined to believe from acorn parifon of 
the obfervations, that an evaporation of 50, 55 oi*even 60 grains 
per minute might be obferved. 

^On the Evaporation of Water Mow 212®. • 

1 have frequently tried the evaporation at all the temper- Water it tem- 
atures below 212*' : it would be tedious to enter into detail ^ 
all the experiments, but (hall give the refults at fome remark- cvaporauon.^ 
able points. In all the high temperatures I ufed the veffel 
above mentioned, keeping a thermometer in it, by which I 
could fecure a conflant heat, or at lead keep it ofcillaling 
within narrow limits. 


The 
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The evaporatiqin from water of 180® was from 18 to 23 
grains per minute, according to circumftances; or about half 
of that at 212®. 

Quantities At 161® it was about one third of the quantity at the boil- 

which were, Jfjg temperature; or from 10 to 16 grains per minute. 

At 152® it was only one fourth of that at boiling; or^from 
8 to 12 grains, according to circumflances. 

The temperature of 144'* afford | of the efjedt at boiling ; 
138® gave See. 

Having previoufly to (hefe experiments determined the force 
of aqueous vapour at all the temperatures under 212®, I was 
naturally led to examine whether the quantity of w’ater eva- 
porated in a given time bore any proportion to the force of va- 
— in every part pour of the fame temperature, and was agreeably furprifed to 

of the fcalepro- exaftly correfponded in every part of the ther- 

portiojial to the ^ ^ ^ 

force of vapour mometric fcale; tfius the forces of vapour at 212®, 1 SO®, 1 64®, 

temper- 1,500, and 1 38® are equal to 30, 15, 10, 7[, 6 and 5 

inches of mercury refpeclively, and the grains of water eva- 
porated per minute in Ihofe temperatures were 30, 15, 10, 7|, 
6 and 5 alfo; or numbers proportional to thefe. Indeed it 
fliould be fo from the el^abliflied law of mechanics, (hat all 
efTefls are proportional to the caufes producing them. The 
atmofphere, it ihould feeni, obftrudls the diffufion of vapour, 
which would otherwife be almoft inftanlaneous, as in vacuo; 
but this obftru6lion is overcome in proportion to the force of 
the vapour. The obftrudion however cannot arife from the 
xjneight of the atmofphere, as has till now been fuppofed; for 
then it would effe6lually prevent any vapour from arifing un- 
# fler2I2® : but it is caufed by the vis inertia of the particles of 

air; and is fimilar to that which a ftream of water meets with 
in defeending amongft pebbles. 

In Inw The theory of evaporation being thus manifefted from ex- 

atures the eva- periments in high temperatures, I found that if it 'was to be 
S?e *of vap^our^ verified by experiments in low temperatures, regard mufi be 
at the temper- had to the force of vapour actually exifiing in the atmofphere 
water dimi^niflicd For inftance, if water of 59® were the fubjefl, 

by that exiftiiig the foive of vapour of that temperature is of the force at 
phere^^"''^^ 212®, and one might expedl the quantity of evaporation^!^ 

alfo; but if it fhould happen, as it fometimes does in fummer, 
that an aqueous atmofphere to that amount does already exiH, 
the evaporation, imlead of being ^ of that from boiling water, 

would 
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vrould be nothing at all. On the other hand, if llie aqueous 
atmofphere were Icfs than that, fit ppofe half of it, correfpond- 
ing to 39® of heat, then the eHe6live evaporating force would 
be of that from boffing water; in Oiort, the evaporating 
force mud be univerfally equal to that of th^ temperature of 
the water, dim ini Hied by that already exiding in the atmof- 
pher^ In order to find the force of the aqueous atmofphere Experinient 
I iifually take aftall cylindrical glafs jar, dry on the oulfide, 
and fill it with cold fpring water fretli from the well; if dew mofpheric 
be immediately formed on the outiide, 1 pour the w'atcr out, 
let it Hand a while to increafe in heat, dry the ouUide of the 
glafs well with a linen cloth, and then pour the water in again ; 
this operation is to be continued till dew ceafes to be formed, 
and then the temperature of the water muftbeobferved; andop- 
poiitc to it ill the table (p. 264,Vol.VI.) will be found the force It is the fame as 
of vapour in the atmofphere. This mud be done in the open 
air, or at a window ; becaufe the air within is generally more hweft temper^ 
humid than that without. Spring water is generally about which 
50®, and v\;ill modly anfwer the purpofe the three hotted d,.w on its can- 
months in the year: in other feafons an artificial cold mixture taining vcflel. 
is required. — The accuracy of the refult obtained this w'ay I 
think fcarcely needs to be indded upon. Glafs, and all other 
hard fmooth fubdances 1 have tried, when cooled to a degree 
below what the furrounding aqueous vapour can fupport, caufe 
it to be condenfed on their furfaces into water. The degree 
of cold is ufually from 1 to 10® below the mean heat of the 24- 
hours ; in fummer 1 have often obferved the point as high as 
58® or 59®, correfponding to half an inch of mercury in force, 
and once or twice have feen it at 62® : in changeable and ^ 

windy weather it is liable to condderable duftuatidn ; but this 
is not the place to enlarge upon it. 

For the purpofe of obferving the evaporation in atmofphenc Narrative of 
temperaturef I got two light tin veflels, the one dx inches in 
diameter, and half an inch dee|), the other eight inches dia- in atmofpheric 
meter and ^ inch deep; and made to be fufpended from a '®'"P"*5*****' 
balance, like the former one. When any experiment deiigned • 

as a ted of the theory was.made, a quantity of water waa»put 
into one of thefe (generally the dx inch one, w’hich I preferred) 
the whole was weigiied to a grain; then it ivas placed in an 
^open window or other expofed dtualion for ten or fifteen mi- 
nutes, and again weighed toafeertain the lofj^by evaporation ; 

at . 
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at the fame time the temperature of the water was obfervedt 
the force of the aqueous atmofphere afcertained as above, and 
the flrength of the current of air noticed. From a great va- 
riety of experiments made both in ‘the winter and fummer, 
and when the e^porating force ^as ttrong and weak, 1 have 
found therefults, entirely conformable with the above theory. 
The fame quantity is evaporated with the fame evapSra^-ing 
force thus determined, whatever be the tencperalure bf the 
air, as near as can be judged ; but with the fame evaporating 
force, a ftrong wind will double the effect produced in a ftill 
atmofphere. Thus, if the aqueous atmofphere be correfpond- 
ent to 40® of temperature and the air be 60°, the evaporation 
is the fame as if the aqueous atmofphere were at 60° of tem- 
perature and the air 72® ; and in a calm air the evaporation 
from a veflel of fix inches in diameter in fuch circumftances 
would be about .9ofa grain per minute, and about 1.8 grains 
per minute in a very ftrong wind; the different intermediate 
quantities being regulated folely by the force of the wind. 
Account of the The following table exhibits the ratios and quantity of water 
ratioir/ evaporated in each temperature, derived from the preceding 
theory, and confirmed by experiments, as far as they have 
been extended. The firfi column exprefies the temperature; 
the (econd, the correfponding force of vapour taken from the 
preceding table; the other three columns give the number of 
grains of water that would be evaporated from a fur face of fix 
inches in diameter in the refpeftive temperatures, on the fup- 
pofition of there being previoufly no aqueous vapour in the at- 
mofpiiere. Thefe columns prefent tlie extremes and the mean 
of evaporation, likely to be noticed, or nearly fuch: for, the 
firfi is calculated upon the fuppofition of 3.^ grains lofs per 
minute from the veflel of 3] inches in diameter; the fecond, 
46 and the third 55 grains per minute. 


TABLE 
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TABLE 

Shewing the force of vapour, and the full evaporating force of Table of the 
every degree of tempeVature from 20 ® to 85®, expreffed 
in grains of water that would be raifed per» minute from a per m'mute at 
veflejL of fix inches in diameter, fuppoiing there were no 
vapour already in the atmofpherea and 85 ^, 


Temper- 

aturr. 

Force of Vjp. 
inch. 

1 Evaporating Force in Grains. 

212^ 

30 

120 

154 

189 

20^ 

.129 

.52 

.67 

.82 

21 

.131. 

.54 

.69 

.85 

22 

.139 

.56 

.71 

.88 

23 

.144. 

.58 

.73 

.91 

2t 

.150 

.60 

.77 

.94 

25 

.156 

.62 

.79 

.97 

26 

.162 

.65 

.82 

1. 02 

27 

.108 

.67 

.66 

1. 05 

28 

.174 

.70 

.90 

1. JO 

29 

.ISO 

.72 

.93 

1. 13 

30 

,186 

.74 

.95 

1. 17 

31 

.193 

.77 

.99 

1. 21 

32 

,200 

.80 

I, 03 

1. 26 

33 

.207 

,83 

1 07 

1. 30 

31. 

.214 

..86 

J. 11 

1. 35 

35 


.90 

1. K 

I. 39 

36 

.229 

.92 

1. 18 

J. 45 

37 

/237 

.95 

1. 22 

1. 49 

38 

,245 

.98 

1. 26 

1. 54 

39 

.254 

I. 02 

1. 31 

1. 60 

40 

.263 

1. 05 

1. 35 

1. 65 

41 

i .27 3 

I. 09 

1. 40 

1. 71 

42 

! .283 

1. 13 

1. 45 

1. 78 

43 

.291. 

1. IS 

1. 51 

‘1. 85 

44. 

.303 

1. 22 

1. 57 

1. 92 

45 

.316 

1. 26 

1. 62 

1. 99 

46 

.327 

1. 31 

1. 68 

2. 06 

47 

• .339 

1. 36 

1. 75 ! 

2. 13 

48 

.351 

1. 40 i 

1. 80 

2. 20 

49 

.363 

1. 45 i 

J. 86 

2. 28 


.375 

1. 50 1 

1. 92 

2. 36 

51 

.388 

1 . 55 1 

I. 99 . 

2. 44 

52 

.401 

1. 60 1 

2. 06 

2. 51 * 

53 

.415 

1. 66 i 

2. 13 

2. 61 

54 

.429 

I. 71 

2.* 20 

2. 69 

55 

.443 

1. 77 

2. 28 , 

2. 78 

56 

.458 

1. S3 

2. 35 • 

2. 88 

57 

.474 

1. 90 

i 

2. 43 

i 

2. 98 
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Table continued. 


T *lstc of the 
quantities of 
water evaporated 
per minute at 

Temper- 1 
■tuir. 

zia”. 

Force of Van. 
inch. 

30 

Evapor 

120 

ating Force 
15t 

in Grains. 
189 

58-; 

^490 

1. 96, 

2. 52 

.3. 08 

temperatures 

59 

.507 

2. 03 

2. 6*1 

3. 19 

^slryern 20 ? 

60 

.524 

2. 10 

2. 70 

3.-30, 

find 

61 

.542 

2. tl 

2. 79 

3. 41 


6t> 

.560 

2. 2t 

2. 83^ 

3. 52 


63 

.578 

2. .31 

2. 97 

3. 63 


61. 

.597 

2. 39 

3. 07 

3. 76 


65 

.616 

2. 4(» 

3. 16 

3. 87 


65 

.63.5 

2. 54 

3. 27 

3. 99 


67 

.655 

2. 62 

3. 37 

4. 12 


68 

.676 

2. 70 i 

3. 47 

4. 24 


69 

.698 

2. 79 

3. 59 

4. 38 


70 

.721 

2. 88 j 

3. 70 

4. 53 


7 J 

.745 

2. 98 

3. 83 

4. 68 


72 

.770 

3. 08 

3. 96 

4. 84 


73 

.796 

3. IS 

4. 09 

5. 00 


74 

.823 

3. 29 

4. 23 

5. 17 


75 

.8.51 

3. 40 

4. 37 

5. 31. 


76 

.880 

3. 52 

4. .52 

5. 53 


77 

.910 

3. 65 

4. 68 

5. 72 


78 

.9 to 

3. 76 

4. 83 

5. 91 


79 

.971 

3. 8S 

1 4. 99 

, 6. 10 


80 

1. 00 

4. 00 

.5. 1 t 

6. 29 


81 

I. 04 

4. 16 

.5. .35 

6. 54 


82 

I. 07 

4. 28 

5. 50 

6. 73 


S3 

1. 10 

4. 40 

.5. 66 

6. 91 


84 

1. 14 

4. .56 

5. 86 

7. 17 


^5 

!. 17 

4. 68 

1 6. 07 

7. 46 

l^fc of the table 

T'he ufe’of this table will appear from the following j 

fjmMiarly il- 
fuftrated. 

blenis: 


PROBLEM 

I. 



Having given flic temperature at which the aqueous atmof- 
pliere begins to be condenfed into water, and the temperature 
of the air, to find the quantity of water that would be evapo- 
rated in a minute from a vefTel of fix inches diameter. 

Solution. Subtract the grains oppofite to the lower temper- 
ature from thofe oppofite to the higher one, in the firfi, fecond 
or third column of grains, according to (he ftrength of the 
wind, and the remainder w'ill be the quantity evapqrated in 
niinate under thofe circumftances, nearly. 


Example^ 
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Example, Let the point of condenfation be 52*, the tem*Ufe of the table 
perature of the air 65®, with a moderate breeze. iJftratca^ ** 

The iiumbjBr oppofite52** in the fecond column of grains is 
2,06i and that oppofite* 65®is 3.16; the dilfereifcc, 1.1 
grain, is the evaporation per ^minute. ^ 


PROBLEM II. 

tfaving given t^ie quantity evaporated in a minute, found by 
experiment, and the temperature of the air, to find the force 
of the aqueous atmofphcre, and the point of condenfation. 

Solution. Subtract the obferved evaporation from that op- 
polite the given temperature in the table; and look above for 
the number nearell to the remainder in the fame column of 
evaporation, oppofite to wliich will be found the force of the 
aqueous atmofphcre, and the point at which it begins to be 
eondenfed. 

Example. Finding the evaporation from a veflcl of fix 
inches in diameter to be 1.7 grain per minute with a britk 
wind, air 6*2® ; what is the weight of the aqueous atmof[)here, 
and the temperature at which it begins to be eondenfed into 
water? 

The number oppofite 62® in the third column of grains is 
3.52, being the wliole evaporating force at that temperature 
in a perfe(!illy dry atmofphere; from w’hich take 1.7 grains, 
the real evaporating iorce obferved, and the reinainider, 

J.82, corresponds, as per table, to the force .2bH inches of 
mercury, tlie w'eight of vapour, and to 43® ot' tc‘m perature.*^ 

Evaporation of Spirits, Eihtr, <!)•(•. 

If the law of evaporation above given apply to water in Fxperimenti 
every part of the fcalc of heat, no reafonable doubt can be eva^oratiwi^ 
entertained refpedling its application to other liquids. I have of fpinti, ether, 
notwithfianding: made feveral experiments on others, the re- followfcihe 
fiilts of which arc conformable to the fame law. Some of them water, 
follow 


* It may be proper to remind the reader that all the experiments 
on evaporation are underilood to be made in the open air, or i»»a 
window with a current inward ; alfo it may be obferved the evapo- 
ration in a clofe room is much lets and is befides irregular, being 
greater proporiionably from a lefs farface, evidently from the ftag- 
)itation of the air. • 

I . Spirit 
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Experlroefits 1 • Spirit of \V!ne.-^Evaporated from a furface of four inchel 

which fliew that diameter, 54 grains in 25 minutes: air 53®; aqueous at* 
of fpirits, ether, molphere at 49*^, and beginning to rain with a moderate breeze, 
&c. follow^thc jt would proportionally have been l21 grains from a veflel of 
water. inches in di? meter. This gives nearly five grains per mi- 

nute. The fame fpirit boiled at or near 180®. 

Now from the data, water of 83® is equivalent in foive to 
fpirits of 53®: and it may be feen that the ei;^aporating force of 
water of 83® is nearly 5 in the firfl: and fecond columns of grains 
of the table. It feems probable that the aqueous atmofphere 
does not diminilh the evaporation of fpirits as it does that of 
water. 

2. Ether. — 1 . Put a phial containing ether, and a fmall tin 
vefTel of 1 1 inch diameter into a fcale and balanced them ex- 
a6lly : then poured the ether into the evaporating veffel and put 
the phial into the fcale again ; took out 40 grains from the op- 
polite fcalc, and waited till the equilibrium was reftored: this 
was in 8 minutes 6 feconds. The air was 50®, and the ether 
at firfi 50°; but it rapidly funk, as was found by dipping a very 
fmall bulbed thermometer into it, to 28®. In a window with 
a moderate breeze. 

- 2 and 3. Repeated the experiment in the fame 

circumftances, except the evaporating vefTel, which was now 
porcelain, and 2^ inches diameter. Lofi: 40 grains in 3 mi- 
nutes. Thermometer funk from 50 to 30®. The two expe- 
riments made this way did not differ above one or two grains. 

Thcfe rcfults reduced to a veffel of inches in diameter 
.give 

ift. Experiment, lofs !7 grains per minute; 

2 & 3 — 22i ■ ■ 

The reafon why the rcfult in the firfl experiment was Tome- 
, thing lefs than in the other two, was evidently owing to the 

circumflance of its longer duration, by which the ether was 
the greater part of the time in a low temperature, and confe- 
quently evaporated lefs. The ether ufed boiled at 102®. At 
* 50® it was therefore in the capacity of water at 160®. But 

w^ter at 160®, at mod lofesonly 17 or 18 grains per minute, 
and lefs 20® below that temperature. At firfl view therefore 
it fhould feem that ether evaporates quicker than the general 
lawaffigns. But it mud be allowed that the temperature of 
the air has foihe effe£l upon evaporation, though it has certait^y 
• very 
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vwy little. Now ether in the above experinients is aftedupwiA ^ 0i| 
by a current of atr of an equal or higher temperature than it- 
felf j but water of 1 60® is uf^ually a6ted upon by air 100® lower 
than itfelf, which is everj moment precipitating the vapour 
formed, and thus obdru^ling its circulation. This appears to 
be a fufficient caufe for the fmall difference obferved. 

With refpe6l tq mercury, fulphuric acid, muriate of lime. Evaporation of 
8tc. there can be^no doubt but they experience a real evapo-"'”^“‘^l^* 
ration like thofe above; but it muff be very fmall in proportion 
as their boiling points are high. And it would be difficult to 
make experiments upon fuch of Ihefe as have an affinity for 
aqueous vapour ; becaufe their acquifftion from the aqueous at* 
mofphere would far exceed their lofs by evaporation. 

Since writing the above effay, opportunities have occurred evaporatioa 
to alcertain whether the evaporation from ice is conformable to with the piece* 
the fame law as that from water. Every one, who has tried *^*"6 
the experiment^ admits the faA that ice is evaporable. I have 
lately made feveral obiervations on this fubje6l, the refults of 
which, as far as they go, fupport the concluffon that the ge* 
neral law of evaporation continues the fame below the point 
of congelation as above it. Ail the experiments were made 
in the tin veffel above deferibed of ffx inches in diameter; a 
quantity of water was fuffered to freeze in it, fo as to form a 
circular cake of ice; the veffel and ice were then weighed to- 
gether, and expofed in the open air for a certain time, after 
which being again weighed, the lofs was found; the force of 
the aqueous atmofphere was foinetimes determined during the 
experiment by a mixture of pounded ice and fait, in the man* 
ner already deferibed. 


> refults. 


Grs. H. Grs. Wind. Air. 

Nov, 5. In the nijht loft no in 9 j or, .ao per m. K. E. brifk. a8® to 31® Experimental 

'■ at 10 A M. — 25 in ij; or, .33 N. E. mod. 32® 

•—29. at X P. Al. — 24 in i|j or, .23 — calm. 31® 

P. M. — 84 in 9^; or, ,15 - 

•—30. in the night — 94 in 9 } or, .17 • 

Dec. 19. P. M. — 75 in 8 , or, .16 • 

In the night — 33 in 11 ; or, .05 - 
■—20. A. M. — 21 in 2 ; or, .175 • 




N. £• mod* 31® 

N. calm. 26® ^28® 
calm. * 29,® 

W. mod 31® 


Some of thefe being made in the night, and of long dura« 
tion, neither the temperature of the air, nor the force of the 
af aeotts atmofphere could be fairly determined : the fecond 

experiment 


T-t' 
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Expcrtmeiits of 
Pe Sauflure 
compared with 
the picceding 
theory. 


He confided too 
much in his 
hygromcier, 


and on th^t ac- 
count his tables 
are inaceuratc. 


experiment was n^ade iinder every fovourable clrcuiftAdnc^i 
and the aqueous atmorphere found at By problem at 
page ISi it would have been determined at2l|^# uting the 
fecond column of grains in the table. 

On the fuhje^t of evaporation.it may be confidered as un« 
pardonable not to advert to De SaufTure’s valuable EfTays on 
Hygrometry. ^ '' 

That excellent philofopber determined, a well conceived 
experiment, that dry air of the temperature of 6i^ or 66^> 
imbibed aqueous vapour fo as to increafe its elafticity ^ of the 
atmofpheric pretTure; and (hat a cubic foot of fuch air required 
II or 12 grains of water to produce the efTedt. By the table 
above at page 12 it appears the force of vapour at 6l^s.54< 
~ of 29 .5 inches nearly. It is probable this difference is 
occaiioned in part at lead by the want of perfed^ drynefs in 
the air he operated upon, which caufed the increafe of elafH* 
city to be lefs than olherwife. It was, I think, unfortunate 
that he attached fo much importance to and confidence in his 
hygrometer; and that he adopted the theory of chymical folu- 
lion of water in air, contrary to the fadts he difcovered, which 
Teemed more reconcileable to the notion of aqueous vapour be- 
ing a diTtindl elafiic fluid/ Indeed he is forced to acknowledge 
in the 1ft. chap, of his Eflfay on the Theory of Evaporation, 
lliat in the ordinary temperature of the atmofphere, aqueous 
vapour is formed in the firft inftance a diflant elaftic fluid, and 
(jfin' it ha^heen converted into an clajiic fluid, it is diflblved by 
The air; Je croiis qa'il nc la diflbut que lorfque Tadlion ^u 
feu Ta convertie en vapeur elaftique.'’ Now if it can for 
a moment exift independently under the preflure of the atmof^ 
phere, why may it not continue to exift in that ftate? 

Ills table of the weight of aqueous vapour in a cubic foot 
of air at different degrees of the thermometer, being derived 
from experiments with his hygrometer, excef>t the ftandard 
one of 66° (l5°Reauraur), is far from accurate; and the in- 
accuracy increafes with the diftance from the ftandard, which, 
as has been obferved, appears to be nearly correCl : in the 
Ifigher temperatures he makes the water diftolved too little, 
and in the lower temperatures too much. He fays (§93) that 
the lowed he has feen the hygrometer in the open air, is 40; 
and that it indicated a reduflion of temperature in the ^ir 

amounting 
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i^itiouhting to 34® .7 (78® of Fahr.) was neceflary in ordef 
to depofit dew. This obfervation alone is fufficient to render 
his hygrometer fufpedted ^ for, few who have attended to the 
formation of dew will admit the probability of fo large a reduc- 
tion being neceflary in any climate or feaf()n: I believe it 
rarely requires 40® reduction in temperature in any part of the 
wo/ld to produc^ the effedl. 

Plate I.* is intended to illuflrate the author’s conception of Engraving to 
the conditution of the atmofphere. The different marks or 
characters of the particles of the gafes are merely arbitrary, atmofphere, 
and intended for ditlinClion; the fimple atm ofpheres are given 
nearly on their real deniities^ and the particles are arranged at 
equal didances from each other. In the compound atmof- 
phere the fame arrangement is made of each kind of particles 
as in the (imple; but the particles of different kinds do not 
arrange at regular diflances from each other ; becaufe it is fup- 
pofed llaey do not repel each other. 


III. 

Ohfirvations on tlie Cultivation and Growth of Oak Timber* In 
a Letter from the Rev, Richard Yates, F, A, S, Chaplain 
to His Majejiy's Royal Hofpital at Chelfea, to Charles 
Taylor, E/q, Secretary to the Society of Arts'^. 

S I R, 

TTo expatiate upon the vaft importance of increafing the Great Jmpor- 
growth of oak-timber, feems unneceffary. The national ad- 
Vantages refulting from this fource appear to be in general 
well underflood ; and yet the cultivation and management of 
this moft ufetul plant has not hitherto obtained that degree of 
attention which it moft certainly merits. 

Entirely to obviate, or even in fome meafure to remove or 
leffen, the obftacles that ftill continue to impede the planting 

♦ From the fame Vol. of the Manchefter Memoirs.— I remind the 
reader of the references at page 257 of our laft. 

+ For which the filver medal was voted. Memoirs for 1802, 

•^page 80. 

Vol, VII. — ^January, 1804 . C of 
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Cultivation of 
the oak. difcou- 
ragcd, 


from a notion of 
its very How 
growth. 


which a mil- 
take* 


Oaks are fu Acr- 
ed to grow 
(flowly) with a 
ihort llcm and 
large head : but 
thiir Jixe may be 


of oaks, would therefore be rendering an eflenlial fervice to 
the nation. The defire of accompHfbing fo beneficial a pur- 
pofe, has induced the judicious and public-fpirited conduAors 
of the Society of Arts to propofe a premium for afeertaining 

the beft metho’d of raifing oaks — in confequence of which, 
this paper is fubmitted to their candid confideration. And as 
the ftatemenls here made arc founded upon'; a fedulous and 
adive experience of fifty years, it is prefumed the Jpirit and 
viainiiig of the Society's propofal may have been obferved, 
although it has not been poflible (in this inftance) literally to 
fulfil its terms ; at leaft, the very intention of promoting and 
forwarding the views of fo enlightened and highly ufeful a 
Society, may, it is hoped, be accepted as an apology for 
calling their attention to tliefe obfervalions. 

It forms no part of the prefent defign to enter minutely' 
into the various caufes that continue to operate in obftrudting 
the cultivation of oak ; as there is one of peculiar magnitude, 
the confequences of which are highly detrimental and inju- 
rious, and which it is therefore the principal objc6l of this 
paper to remove. 

An opinion is generally prevalent, that the oak is particu- 
larly flow in its growth, and requires a great number of years 
before it affords any advantage. This idea too often deters 
from planting, on account of the very great length of lime it 
is fuppofed the land mufi be occupied before any return of 
valuable produce can be obtained from it, after a confiderable 
cxpcnce may have been incurred in forming plantations. 

This opinion J conlider as entirely founded in error, and 
to have taken its rife in a great meafure from the want of pro* 
per management that has hitherto commonly prevailed in the 
railing of oaks : and in this paper 1 lliall endeavour ftrongly to 
fiate, that the oak may be rendered very rapid in ks growth, 
and that confequently land may be employecf to^'great advan- 
tage in its cultivation, as a very confiderable and profitable 
produce may, in a much (hortcr time lha4i is generally fup- 
pofed, be (lerived from proper parts of an eftate thus employed. 

\Dak-tiiiiber in this country, for the mofl part, appears in 
trees of a confiderable extent of head, but feldom more than 
tivcfUy or thirty feet in flem ; and this, in many infiances, the 
growth of a century. Now', by the courfe of management 

here 
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liere propofed, it is conceived that trees, of at leaft doMedmhhim^ 
tliis magnitude, may be obtained in about half lhat time. 

It is not my intention ^o attempt a proof of this propofition 
by theoretical deductions, but to appeal for its confirmation to 
the indubitable teil of faCt, which, from the event of repeated 
trials, imprefTes a conviction, that experience will be found 
tp Aipport and e^ablifli it in the moft unequivocal manner. 

It would be eafy to enlarge much on the various qualities of 
foil, the nature and procefs of vegetation, and the peculiar 
properties of the oak ; but asthefe topics may be found amply 
and judiciouily difeufled in many other authors, who have ex- 
prefsly treated on thefe fubjeCls, 1 fhall decline all fuch fpe- 
culations: and, with the hope of being more eflentially ufeful, 
ihall confine myfelf to a ftatement as Ample and practical as 
pofTible. 

The oak, in the progrefs of its growth, fpreads numerous It is of theut« 
roots near the furface of the ground, and in an horizontal di- 
reCtion ; thefe allift in fupporting and preferving the tree in its dicuUr or up 
pofition, but feem to contribute very little to its increafe and 
magnitude. The oak appears to derive its chief nutriment and 
firength from a root that always defeends at right angles to the 
horizon, and is called the tap-root. The firft thing, therefore, 
to be obferved is, that upon a judicious attention to this pecu- 
liarity, the planter's fuccefs principally depends ; and the 
negieCt of this care is the conffant fource of error and difap- 
pointment. In all climates, and upon all foils, to preferve 
this tap-root from injury, and as much as poiTible to affifl its 
growth, is a general, and indeed the moll cfTential principle 
in the cultivation of oak. With a due regard to this circuih- 
(lance, the management of a plantation may be refolved into 
the three following practical directions ; 

Previaujly to planting the acorns, loofin the earth intended InAraftloni* for 
for their reception, by deep trenching, 

Never tranjplant, or in any way difiurb, the faplings in- planting acorns* 
tended for timber. , 

Keep the plant carefully pruned, till arrived, at a proper 
height. 

More fully to elucidate the fubjeCt, and to prevent the pof« 
fibilily of mifapprehenfion, it may be proper to give a more 
detailed ftatement. 

C2 |n 
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Oaks for timber In determining on a fpot to form a plantation of oaks fof 

tranfplantcd timber, it muft always be recoIle61ed that the plants are to 
remain without removal in their fituation : the clearing 
and fencing may then be attended to as ufiial ; and in the 
courfe of the winter, from September to March, the particular 
fpots intended for the reception of acorns, may be prepared 
for that purpofe, by digging a trench about thr ;e feet in width, 
and from three to fix feet in depth, according to the clofenefs 
and tenacity of the foil. If grafs-ground, the firft fpit fliould 
be placed at the bottom of the trench ; and if more than one 
trench be ncceflary, they fliould be prepared in the fame 
manner, preferving a difiance of ten yards between each, if 
it be intended to employ the intermediate fpace in underwood, 
or for any other purpofe. 

Having made a careful felet^ion of acorns that arc perfe£lly 
found, and in good prefervation, (hey are to be planted about 
the middle of March. Draw a drill in the centre of the trench ; 
two inches in depth, if the foil be heavy and loamy ; but three 
inches in a light and fand) earth. In this place the acorns two 
inches afunder, and cover them carefully with mould. When 
the plants appear, they mufi be weeded by hand in the rows, 
and the eartli of the trench round them ok?aned with a hoe, 
once a month during the fummer. In Odlober infpedl the rows, 
and thin them by pulling up every other plant ; attention will 
of courfe be paid to remove the weak and crooked plants, and 
leave tliofe that are talleft and ftraiteft. On the fecond year, 
the operation of thinning mufi be repeated, at the fame time, 
and in the fame manner ; and, Ihould any of the remaining 
plants have made fide- (hoots firongerthan the general charac- 
ter, they mufi be frnoothly cut olf with a (harp knife, clofe 
to the leading fiem. On the third year, the thinning is again 
to be repeated, and the general pruning commenced, by cut- 
ting off clofe to the leading fiem all the fide-(h6ots of the firfi 
year ; thus leaving the branches of two years to form the head 
of the following year. The removal of every alternate plant 
mufi be continued yearly, till the trees are about thirty feet 
apart, at which difiance they may remain for timber. The 
pruning is to be continued, by removing every year, very 
fmoolh and clofe to the main ftem, one year’s growth of fide 
branches, fill the plants are arrived at a fiem of forty, fifty, 

oc 
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or. fixty feet, and they may then be permitted to run to head 
without further pruning. 

The particular arrangement here recommended may be 
varied according to any peculiarities of lituation, regard being 
conflantly had to the general and mod important principle of 
loofening the ground vtiy deep previoufly to planting the acorns* 
By*this mode oficulture, oaks maybe raifed in almod any foil; 
but, where it is pollible, a loam or marl is always to be chofen. 
Oaks thrive much the bed in fuch earth; and, when aifided 
by deep trcnchinjr and judicious pruning, attain in a few years 
to an immenfe fize. 

Thofe who have been accudomed to notice the flow growth 
and dunlcd appearance of oak trees, when denied the aflidance 
of art, and left to themfelves in the common way, would 
obferve with aflonifliment the vigorous and rapid increafe of 
plants under the management now pointed out. 

Tiie plants thinned out the flrd three or four years, though 
not fit to be depended upon for timber, as tranfplanting ge- 
nerally injures very materially the future growth, may be re- 
planted in the intermediate (paces between the rows, (or the 
purpofe of being afterwards removed ; or they may be ufefulJy 
placed in hedges^ or other fpare and unoccupied fpots of 
ground. They fliould be headed down at the time of tranl- 
planting, as this operation aflifls the procefs of nature, in 
reproducing or remedying any injury the tap-root may have 
received from the removal ; and, if proper attention be given 
to loofening the foil for their reception, and pruning them as 
they advance, in niofl influnces an adequate profit will be 
derived from the labour bcfl(jwed upon them. After a few 
years, the produce of the timber-plantation will be found very 
advantageous. 7'he young trees that are to be removed 
yearly, will always find a ready market tor a variety of pur- 
pofes unnecefiary here to enumerate. In addition to thefe 
advantages, if by this treatment of deep trenching previous to 
planting, and annual careful priming during the growth, timber 
can be produced in about fifty years, of equal quality, and 
much fuperior in fize, to that which has been above otfe 
hundred years growing under improper management, or with- 
out the afliflance of cultivation ; it will doubtlefs be allowed 
that a mod beneficial, if not abfolutely the bed podible method 
of << ralfing oaks,^^ is here pointed out and afedrtained. 

This 


InflrudVions for 
coUivaung the 
oak. ^ 
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loftradions for 
cultivating the 
oak. 


This method of cultivation may perhaps be thought to occa* 
fion fo much expenfe in manual labour as to prevent its being 
generally adopted : it might perhaps be fufiicient to obferve^ 
that if the work be condu6ted with judgment and economy, 
the future produce would afford ample returns for all neceffary 
expenditure : it fhould alfo be recolledled, that the previous 
preparation of thcr ground, and the fubfequetit pruning o^ the 
plants, are both to be performed at that feafon of the year 
when a fcarcity of work will enable the planter to obtain af- 
iiHance upon eaiier terms ; with this additional advantage 
alfo, of providing employment for the labourer at thofe times 
when the general (late of agricultural bufinefs renders it dif- 
ficult for him to find maintenance for himfelf and family with- 
out charitable relief. 

In 1750, at Ingeftrie in Stafford (hire, the feat of Lord 
Chetwynd, fome plantations were formed and managed in a 
great meafure according to the principles here dated, and the 
growth of the plants were fo uncommonly rapid, and fo ex- 
traordinary, that it could not but attraft the notice of all con- 
cerned in the conduct of them. The attention to the fubjedt, 
then excited, has been the occafion and ground of all the 
obfervalions and experiments made from that time to the pre- 
fent, the refult of which is given in this paper. 

The extenfive plantations of the late Lord Denbigh, at 
Newnham Paddox, in Warwickfhire, are well known and 
much admired. The whole has been condu6ted with great 
judgment. About a fquare acre has been employed in raifing 
oaks upon a plan nearly fimilar to that now propofed, and 
affords the bed and mod convincing proof of the fuperior utility 
and efficacy of fuch management. Had the noble Earl been 
now living, I fhould have been enabled to have laid before 
the Society fome more detaded particulars : That, however, 
is now impoflible ; this paper, therefore, in iti prefent date, 
may perhaps be thought not altogether unworthy of notice, as 
tending to forward the liberal dedgns of the Society, and con- 
tributing to the advantage of the public, the author conceiving 
that the bed method of raidng oaks is afeertained and dated 
in it. 

Should the Society be in any degree inclined to join in this 
fentiment, it may perhaps induce them to make fome alteration 
in tlie terms of their propofal ; as, according to the datements 

mado 
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made in (his paper* and indeed from what may be feen in Inflru^tions fot 
every part of the kingdom, in the character and appearance 
of oaks growing without cultivation* itfeems afeertained^ that 
** acorns fet with the fpade or dibble, without digging or 
tillage,*’ can never be depended on to form good timber; 
and even in the mod favourable circiimftances of this cafe,- the 
griyvth will be exceedingly flow and precarious. The fame 
may be faid of ♦ young plants, previoufly raifed in nurfories, 
and tranfplanted tor if the tap-root be cut, broken, or 
in any degree injured, which in tranfplanting it is almoft im- 
poflible to avoid, that plant will fcldom become a vigorous 
and flourifhing tree. To form a courfe of experiments on fuch 
a plant as the oak, is not a very eafy matter. To fulfil expli- 
citly the conditions of the Society would require a great length 
of time, and would be attended with confiderable expenfe, 
from which future candidates may in a great meafure be exo- 
nerated. The railing even one acre in the manner here afeer- 
lained might bo produdive of great pecuniary advantage, if 
the fads and experience detailed in this paper are permitted 
to prove the inutility of the other two methods, and confe* 
quently to remove the neceflity of employing fo much ground 
tjpon them, at an expenfe they will never repay. 

Chtlfca College, Noi\ 1801 . 
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A Firft Merjioir on coloured Shadows, 

ByCit, J. H. Hassenfratz. 

(Concluded from Vol, VI, page 285.^ 

PART THE SECOND. 

• 

TThOUGH the (hadow produced by the concurrence of the Shadows pro* 
folar light with that of the atmofphere, ufually prefents only that lights, 

feries of colours contained in the portion of the fpedruro, are more wiovi 
between green and violet, it is not the fame with lh<h co- 
loured (hadows obferved in the inteiior of rooms, when fe- fore defcribed. 
veral lights dired or refleded concur with (hat of the aU 
mofphere to enlighten the plane on which the fhadow is 

• obferved 
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obferved ; thefc are capable of (liewing all <the colours of 
the prifm ; in fa6l, we fee rod, orange, yellow, green, blue, 
indigo and violet, more or lefs blackened. 

The number of thefe (hadows is almott always two or three, 
fometimes four or five; it has even happened that we have 
diftinguifhed lix. 

When thefe fliadows are two in number, the colours they 
prefent are always thofe called complementary (folours. 

The infinite variety of colours obferved in the folar fpcc- 
trum may be imperfectly imitated by combining different pro- 
portions of the jiatural colours, red, yellow and blue ; and, 
according to the obfervations of Newton, an artificial white 
ma}^ be formed, by mixing thefe three colours. Thofe co- 
lours are denominated cojnplcmentary^ which mufl be made 
with one or two of the three colours cited, to produce an ar- 
tificial white with a given colour. 

To obtain an artificial white with a red, the yellow and 
blue mufl be mixed with it. The yellow and blue make a 
green, green is therefore the complementary colour of red, 
and vice verfa. 

The complementary colour of the orange formed by yellow 
and red is the blue. 

The complementary colour of yellow is violet. 

As the complementary colours meet together in a great 
number of cafes, we have thought it neceflary in the oulfet 
to give them that denomination, vvliich makes no change in 
the refults, by which Newton proves that the folar ray is 
compofed of an infinity of homogeneous coloured rays. 

If the fpc6lrum is divided into two parts at the point where 
the green commences, all the homogeneous rays of the lower 
part, that is to fay, from the beginning of the red to the be- 
ginning of the green, are complementary to thofe of the upper 
part, that is to fay, from the green to the violet ; and that in 
the natural order of their appearance. * 

The denomination of complementary colours has no other 
object but to point out two colours which are found together 
very frequently; and to avoid, by this firaple medium, the 
circtimlocution which their diflindtion would lead to. 

Whenever two coloured fhadow's are feen, they are nearly 
always complementary to each other; that is to fay, if the 
flmde of one is red, orange, or yellow, that of the other is 
green, blue, or Violet. 


5 


When 
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When the number of the fliadows is three, one of them is of three j 
ilmofl always complementary to the other two. 

When there are four tliadows, two of them are fometimes of four* 
complementary to the other two; at other times, one of the 
(haclows is complementary to the remaining three. 

When there are only two coloured (hadows, one of them is One of the iha- 
always of the colour of one of the bodies which refiq£ts ^olnur a« 

light. If the apartment, in which the fhadows are feen, is the reflected 
commanded by a covering of flales whi^h reflects a bluifh light 
on the plane where the fliadows fall, the two colours are blue 
and orange ; if the covering is of tiles, the colours are nearly 
the fame. If a meadow or trees refledl light into the apart- 
ment, the fliadows are green and red. If the apartment has which may be 
coloured hangings which refledl the atmofpheric light or that 
of the fun, the fliadows will participate of the colours of the 
lights reflerted externally and internally. 

When the light is refledled through glazed windows upon or by paflinj 
the plane where the fliadow is feen, as the glafs is rarely co- 
lourlefs and generally tinged with green or violet, according 
as iron or nianganefe predominates in its compoiition, the 
(hadow participates in colour communicated to the light in 
its paflage Ihrougli the glafs. 

If the iurface on which the different lights are received be or by the colour 
ilfelf coloured, the colours of the fliadow will be affedled by it, ^I'f on 

1 I 1 I Ml I 1. 1 which the flia- 

and the problem will become more complicated. dow is received. 

From the obfervations we have collected, it follows na- Inferences, 
turally, that Ihe coloured fliadows of the interior of an apart- 
ment are capable of yielding all the colours of the fpedtrum ; 
that tbefe colours are governed by Ihofe of the bodies which 
refled the light and illuminate the furface on which the co- 
loured fhadows are obferved. Thus far tliefe obfervations Other comple- 
olfer nothing which could not have been forefeen by every 
perfon who hi^d refleded a little on fhadows; but that which duced by dircdl 
is remarkable js, that thefe fliadows are almoft always accom- reflexion, 
panied by other fliadows whofe colours are complementary to 
the refleded coIjQurs, although no body is difeovered which is • 

capable of refleding thefe forts of colours. • « 

Here then is a new fhadow which feems conftantly to ac- 
company the firft, whofe colour has a peculiar affinity for 
that of the light which produces the primitive fliadow, and 
depends on caufes which we purpofe to examine in a fubfe- 
quent memoifi 


Furt 
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Part the Third. 

Shidows from IF in a dear moon-Iight nighty at a time when the lamps 
ilffcrwitcoiour^ alight in Paris^ an opaque blacR bod^r be brought near a 
white paper^ enlightened both by the moon and a lamp» two 
diflin^ coloured (liadows will be perceived, one reddifli, tlie 
oiher bluiih. 

If a taper, a candle, a lamp, or any other ^ight, be brought 
near a white pafleboaM enlightened by the moon, an opaque 
body placed nt a fm all difiance from the pafieboard, forms two 
coloured (hadows ; that occafioned by intercepting the light of 
the moon is reddifh, and that produced by the otiier light is 
blue. 

Thefe two (hadows may be obtained by enlightening a fur- 
face with the atmofpheric light and that of a lamp ; but this 
requires that the light of the atmofphere muft enter the room 
where the experiment is made, through a fmall opening, in 
order that the (hadow may be well defined when this light is 
fingle. 

The effea was By admitting the light of the atmofphere into a darkened 
th^nat”*^cof^ room through an openingof a decimetre (four inches) in diameter, 
combuftible ^ud illuminating a white pafieboard by this light and that of a 
body made ufc lamp, we have found that when the pafieboard was one or two 
metres (yards) from the opening, two coloured (hadows were 
produced ; that of the atmofphere is confiantly red, and that 
of the artificial light, blue. We have employed the lights 
from coals, wood, tapers, candles, alcohol, and even hidro- 
gen gas. 

The great efi part of the (liadows obtained from two different 
lights are of two tints, the one reddifli, the other bluifh. 

The variations in the colour of (hadows are independent ot 
the intenfity of the lights which illuminate the furface. We 
were careful in all the experiments we are going to relate, to 
place the light at fuch difiances that they (hould enlighten 
equally that part of the white pafieboard on which the (hadows 
• were projefled ; and to this end we followed^ the method piade 

aife of by Bouguer, and which conlifis in receiving through 
two holes, on a piece of oiled paper, the rays from two dif> 
ferent lights, and removing the firongefi, or bringing forward 
the weakeft, until the two lights were of equal inten(ity ; 
always being careful to place the eye at an equal difiance from 
the two enlightened points. 


The 



MEMOIR OV COLOURED SHADOWS. 


27 

The experiments were made in a dark room, every part Prectutlons in 
•f which was painted black, for the purpofe of deftroying 
splour produced by relledted light. 

We at hrft illuminated the pafleboard by the light obtained Shadowi from 
from the combuflion of fifli-oil in a common lamp, and by the 
light of hidrogen gas, produced by the diiTolution of zinc in 
fulphuric acid v^eakened with water. The (liadow produced 
by intercepting the light of the hidrogen gas, was reddilh ; 
that arifing from intercepting the light of the lamp, wasbiuith. 

At the beginning we only ufed a feeble light from the hidro- 
gen gas. Being fearful that the colour of the ihadows might 
be occafioned by the weak light, we filled a bladder with the 
gas, and by comprefTing the bladder Arongly, produced a 
powerful bright light : the plane illuminated by this light and 
that of the lamp, afforded a (imilar refult ; the (liadow from 
the hidrogen gas was reddifh, that from the lamp bluKh. 

On enlightening the pafleboard by the light of a lamp and from a lamp and 
that of alcohol, the interception of the light of alcohol pro- 
diiced a redd i ill Qiadow,, and that of the lamp a bluilh (hadow. 

By illuminating it with the light of the lamp and that of a from a lamp and 
candle, the (liadow from the candle w'as black, with a light- ^ * 

reddifh tinge; that of the lamp was black, with a light-bluifh 
tinge. 

The pafleboard being illuminated with the light of a lamp from a lamp and 
and that of a taper, the fbadow from the taper was black flightly * 
reddened, and that of the lamp, black a little bluifh. 

The pafleboard illuminated, at the fame time, by the light from a lamp and 
of a lamp and that from the combuflion of wood, the fhadow 
thrown by the light of the wood was a violaceous blue ; that , 

of the lamp a reddifh yellow. 

The experiment was tried with wood burning with difficulty, in dift'erenc 
and producing little flame; with very dry wood producing , 
much flame p with chips of wood producing a white flame, 
which reddened that of the lamp. When the furface was 
enlightened w'ith lights of equal inteniity, the coloured ftiadows 
offered little variation ; that proceeding from the light of the * 

wood was violaceous blue, that of the lamp retidifli yellowy 

The flrft experiment was repeated in glafs-houfes where The experimdEt 

wood is burnt. However bright the flame might be which h* » 

. . , . « 1 n T . glafs-houfe 

was emitted through the working flues, the lhadow produced where wood it 

by it on a furface alfo illuminated by the light ef a lamp, was a 

violaceous blue, while that from the lamp was reddifli yellow. , 

On 



MEMOIR ON COLOURED SHADOWS. 


28 

In an iron forge; On iHuiiunating the pafleboard by the light of a lamp and 
that from the combudion of culm in an iron forge, the lhadow 
arifing from the light of the culm was bluifli, and that from tint 
lamp reddifh. 

in a gbfs-houfe Qn illuminating the pafteboard bv the light of a lamp and 
bu r*nt ** culm burnt in the furnaces of a glafs-houfc, where 

the brilliant flame of the working flues reddencjl that of a lamp, 
the refult was fimilar to the preceding: the light from the 
culm produced a blue fliadow, and that oi the lamp a reddifli 
ihadow. 

with a lamp and When the pafleboard is illuminated by the light of a lamp 
charcoal. combuftion of charcoal, the fliadow of the 

charcoal is blue, and that of the lamp red. 

The pafleboard illuminated by the light of a lamp and that 

of charcoal urged by the large btdlows in a chemical furnace, 

fo as to produce a whitiih light as vi^ell as that violaceous light 

fornetimes obferved in the furnaces of a lorgc and in tall fiir- 

. naces, conflantly afforded the fame relult. In thefe two cafes 

the lhadow from the light of the charcoal was bluilb, and that 

Probability that from the lamp reddifli. 'J'he identity of the colours of the 

fliadows obtained in thefe three experiments with charcoal, 
the thadows IS , , / , n i 

produced by the “otwjthltanding tlie colour ot the flame w^as diflerent in each 

experiment, leads to an opinion that the relult depends on the 
nature of the combuftibic. Neyerthelefs, to obtain more pro- 
bability, w e made further obfervations. VVe filled a chemical 
furnace with charcoal, and having covered it with its dome 
for the purpofe of comparing the fliadow of the direct light of 
the violaceous flame ariiing horn the cornbuflion of the char- 
^ coal, w ith that of the light of a lamp, we look notice of the 

fliadows of thefe two lights at the moment wlien the flame 
Singular chani;e appeared at the fummit of the furnace. For a confiderable 
Aado*^"^ obferved that the colours of the fliadows w^ere very 

uncertain : fornetimes the fliadow of the lamp w'*\s blue, and 
that of the flame red ; at other times the fliadow of the flame 
was blue, and that of the lamp red. This alternate change in 
• the colours of the fliadows from blue to red, continued until 

th^ charcoal, i^hich was in the upper part of the dome, was 
completely inflamed ; then the colours of the two fliadow^s be- 
came fixed, that from the flame of the charcoal became bluifli, 
and that from the light of the lamp reddifli. 

Repetition of As, from tho obfervations of feveral perfons to whom thefe 
refults wxre communicated, w'e were induced to believe that 

the 
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llie great tntenfily of the light ofxrharcoal obtained by its com- charcoal in oxU 

buAion in oxigen gas, might change or make fome variation 

ill the colour of the ihadows, we ignited the extremity of a 

piece of charcoal, and urged its combuflion by a jet of oxigen 

gas ; the gas was contained in a bladder, which was prelTed 

by the arm ; the light obtained was extremely brilliant. A with a rimiUi 

while parchment, illuminated at the fame time by this light 

and that of a lamp, prefented two coloured ihadows ; that 

from the light of the charcoal was blue, and that from tlie 

lamp red. 

From the experiments we have detailed it refults, that the Summary oftht 
iliadow of the light of hidrogen and of alcohol is reddilh, when ^^P®*'*"**^**^* » 
that of the lamp is blue ; that the (liadow of the light of wood, 
of culm, of charcoal, is bluifli, and that from the light of the 
lamp is reddiili ; and as hidrogen and alcohol contain lefs 
carbon than oil— and dry wood, culm, and charcoal contain 
lefs hidrogen than oil ; it would feem that the blue and red whence it is in- 
colours of the ihadows of the two artificial lights, bear a relation colour of the 
to each other correfponding with the proportions of thefe two ihadows depends 

combuftibles ; that the light produced by a fubftance in which prcdomi- 
1*1 I • . 1 i-n n 1 II nancy ot hidro* 

hidrogen predominates, gives a reddifli Iliadow, and that pro- gen or carbon. 

duced by a uibflance in which carbon predominates, affords a 

bluifli fliadow. 

Although our experiments appear to lead to that conclufion, 
and we took great care to be certain that the red and blue 
fliadows produced by the two lights were independent of the 
rapidity of the combuflion and intenfity of the lights ; never- 
thelefs, we dare not hazard the prefenting this refult as forming 
a general law ; we prefer waiting until time and new experi- « 

iiients fhall confirm or deflroy them. 

lUcapiiulation. 

FROM Ae obfervalions and experiments related in this 
memoir, it follows, 

1/?. That the fhadows formed by the djre6f light of the 
fun and that of the atmofphere, vary from meadow-green to a • 

violet-black, in a gradation through the blue, indigo, and 
violet ; and that this variation depends on the intenfity of the 
light (of the fun) compared to that of the atmofphere. 

2d. That the Ihadows formed ih apartments by the light of 
the atmofphere and refle6lcd lights, may prefent all the prif* 

znatic . 
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malic colours^ more or lefs changed by black ; and that the 
tints of the (liadows obferved are always complementary to 
each other. 

3d. That the thadows produced on a pafleboard illuminated 
by artificial lights, are reddiOi and bluifli, more or lefs deep ; 
and that very probably the bliiifh and reddifh tints of the 
Aiadows depend on the proportions of hidrpgen and cafbon 
in the combuAible bodies. 

We purpofe, if the InAitute judges this fubjedt worthy of 
their attention, to make known, in other memoirs, the expe- 
riments we have made to determine the different caufes which 
contribute to form coloured fhadows in every particular cir- 
cumAance. 


V. 

Account of the Preparation of the Hyacinthus non feriptus, or 
common Blue-Pell, as a Suhftituie for Gum-Arabic, In a 
Letter from Mr, Thomas Willis of Lime-Street, London, com- 
municated to Charles Taylor pfq. Secretary to the Society of 
Arts *. 

SIR, 

I HAVE obferved in the Appendix of the laA Monthly 
Review, in their Report of the Chemical Annals, No. 1 J5, 
that mention is made of a letter from Mr. Deyeux, to the 
authors of the Annales de Chimie ; in which an account is 
given that a gummy fubAance had been difeovered, by Mons. 
Deyeux, to be contained in the bulb of the plant called hya- 
cinthus non feriptus ; and that the reviewers only fay, '' This 
article does not at prefent require any further notice than 
annunciation.*' As I know. Sir, your benevolent difpoAtion 
in promoting and encouraging the arts, the fciences, and 
manufaflures of this kingdom, I beg leave to offer the follow- 
ing obfervations on the above-mentioned article, which I think 
a fubjeft proper to lay before your moA excellent Society, 
and which 1 have no doubt may become of national utility. 

♦ Extrafted from the Society's Memoirs from page 202s The 
filver medal was^adjudged to this Communication. 

4 In 
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In the year, 1794-, whilft colle6ling plants in a wood for Difcotery of this 
botanical fpecimens, I obfervod that the root of the hyacinthus 
non fcriptus, the plant commonly called blue-bells, or bare* 
bells, was extremely mucilaginous ; and on tailing it, 1 dif* 
covered only a very flight pungency. 1 collefled a pound of 
the bulbs, and, after Hieing and drying them before a Are, 
the)'*yielded about four ounces of powder. I thought that 
by keeping the powder fome time, the little acridnefs might 
go off, as it does in the arum-root powder. 1 tailed it about 
iix months aftcri and found it perfectly inflpid. I concluded 
it might be rendered ufeful for food or nouriihment, but at 
that time purfued the matter no further. 

In the fpring of 1800, gum-arabic having been a long time Propofil ini8o® 
very dear, and likely to continue fo, I thought this mucilagi- of gum-arabk. 
nous root might anfwer fome of its purpofes, for external ufe. 

1 therefore procured feven pounds and a half of the bulbs, 
which, when fliced and dried, produced two pounds of pow- 
der. Being foon afterwards in company wdth Mr. Charles 
Taylor, Secretary to the Society of Arts, &c. 1 mentioned 
to him that 1 had difeovered a root which grew in great plenty 
in this kingdom, yielded a very ilrong mucilage, and which 
I imagined would anfwer the purpofe of gum-arabic, in fome 
of tlie manufadories. He faid, if 1 pleafed, he would fend 
fome of it down to Manchefler, to be tried by the calico- 
printers. 

Three or four ounces of the powder were given him, and Trial at Man- 
fent down there ; he was informed, upon trial, that it an- 
fwered the purpofes of fixing the calico-printers colours, 
equally as well as gum-arabic ; and in the fame proportion, 
of an ounce and a half of the powder, to four ounces of the 
mordant. Mr. T'aylor received the famples of the printed 
cottons on which it had been ufed. 

On the 15th of January, 1801, I furniflied Mr. Taylor 
with eight ounces more of the powder ; but have not fince 
heard the refull. 

As this root can be eafily procured, and ufed at a lefs price The root Is • 
tlian gum-arabic has been fold for feveral years pall, I think 
it may be rendered of great utility ; and the Society of Arts, 

&c. by patronizing it, may be the means of making it a public 
benefit. 


Care 
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Care ftiould be taken, and advice given, that the woods 
ftiould not be left detlitute of the roots ; and it would be ad** 
vifeable to offer premiums for the cultivating the roots and 
offsets, as they are very increafing. By fuch means a con- 
ftant fupply may be had, if the roots anfwer the intended 
purpofes* 

I do not prefume to offer any thing refpedling the mode in 
which the Society may think proper to divulge the difcovery, 
and promote the ufe of thefe roots; but I imagine, that if the 
roots are bruifcd and ufed frefli, tliey would anfwer the purpofe 
better than when dried and powdered ; and as it is now a 
j)roper time of the year for taking them up, and w^ill continue 
to be fo for two months, I \vi(h that the difcovery may be made 
known as foon as poflibic. 

I have fent you fpecimens both of the dried roots and pow- 
der, that they may be fccn at the Society's rooms, by the 
calico-printers. What I have done have been fcorched ft 
little in drying; but the colour would be much better, if proper 
('arc was taken in drying them* 

I am, Sir, 

Your mod obedient Servant, 

Imc-Sircet, THOMAS WILLIS. 

March 17, 1802. 

To John Baker f Lfq, 07K of the Alcm~ 

bers of the Society of Arts, ^'C, 

From the trials made before the committee with this powder, 
with hot and cold water, from farnples of the printed cotton 
produced which had been printed therewith indead of gum 
fenegal, and from experiments made in Mancheder, it ap- 
pears that the hyacinthus non feriptus may, in many cafes, be 
found a ufeful fubditute for gum-arabic. « 


A Mmoilt 
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A Memoir on Vinous Fermentation: hy Thenard 


The vinous Fermentation has hitherto received more atten- The vinous ftr- 

tion than the acetous or putrid, not perhaps that it has any 

thing in it more remarkable, or more worthy of our confidera- caufemoft uft* 

tion, but becaufe it is in the natural order of things, to take 

more interefl and fet more value on what is of moll immediate 


utility. 

The date of the difcovery of the vinous fermentation ap- Known to the 

pears too welleftablillied to be called in queftion. Allhiftorians ancient 
^ . - . , , „ ... , nations, 

agree in faying, that the molt ancient nations knew how to 

prepare fpirituous drinks.* It afeends therefore to the remotell 
times ; and, if we pay any credit to the poets, we mull carry 
it back to the fabulous ages. Indeed it would be furpriling. Its phenomcru 
if it efcaped the notice of the earlieli of men. An ebullition 
arifing fpontaneoully in a liquid, a whole mafs riling of itfelf, 
a fweet liquor becoming vinous, the change of a faccharine 
matter into an ardent fpirit, are all extraordinary things, cal- 
culated to llrike the attention, and awaken the delire of tracing 
them to their firll caufes. Accordingly there is no phenomenon ^®? *• 

more early obferved, and none that has been the fubjedl of 
more confideration, or has given birth to more experiments; 
yet, from one of thofe contrails that rarely occur in the annals hitherto little 
of fcience, though it has been the mod dudied, there is not 
perhaps one, with which we are lefs acquainted. It has been Allchcmiftf 
a rock, on which the endeavours of chemids infUofes have „plain U*** 
fplit. Becher, fo celebrated for his fubterranean phjyfiei, Siahl, ^ 

the Nedor of the ancient chemidry, Boerhaave, whofe ideas 
were fo great, Rouelle, to whom fcience is indebted for part 
of the progrefs it has made during the lad half century, and , 

Macquer, that mader in the art of writing, all failed in their 
attempts to penetrate this mydery of nature. Lavoider, who except LavoHlet 
was capable of furmounting the greated obdacles, is the only 
perfon, who, enlightening the whole fphere of chemidry by it. • 
his genius, travelled this obfeure path withouf wandering eut ^ 
of his road. His inquiries into fermentation will ever remain Hisinveftigatiem 
a model of vegetable analyfis. In this, as in every thing elfe anaiy. 

* Annals de Chimie, June 1803. p.j294. 

VoL. VII.-^Janu ARY, 1804. D 


he 
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VtHOVS FERMEWTATIOW^ 


But he left it 
imperfect* 


he didf be obferved that flriflnefs of dedudion and accuracy 
of operation^ which’are his charaderidics^ and which may be 
confiderjed as the fource of the fplendid difcoveries^ that wifi 
for ever illuftrate his name. Slilb notwithdanding the ex* 
cellence of what he did/ he was far from leaving nothing more 
to be done. Though he died great light on this part of fcience, 
the obfcurity with which it was enveloped was fo great, (hat 
it is dill feen only through a mid. This is a truth that did not 
cfcape himfelf ; he was well aware that he had only laid open 
the path to the goal, which no doubt he would have reached, 
no doubt he would have completed the career he had begun 
w'ith fuch fuccefs, had not death, jealous of his fortune and 
glory, robbed fcicnce of his labours. 

In fermentation All we know of fermentation in fa6i is confined to this, that 

fugar IS convert- faccharine matter is converted into alcohol and carbonic 
cd into alcohol r . i- i- i » 

and carbonic acid by means of an intermediate lubdance. But what is the 

acid, by^ansof fubdance? and how does it a£l on the fugar? 

fubftance. But Thefe two grand quedions form the fubjeft of the prefent 
what is this? memoir; quedions that have been often attempted, without 
aft having beenfolved. Some have thought, that the ferment- 

imagined to be ing principle redded in the extractive matter. Others would have 
jxtraftivc mat- (o-be in the mucilage, becaufe this more frequently accom- 
mucilage, panies the extractive matter. Some, again deceived by the 
whkh laft is not tartar in wine, have imagined they found in this 

found in all fer- the true ferment ; but if, indead of confining themfelves to the 
menting liquors, fermentation of the mud of grapes, tliey had turned their at- 
tention to that of other juices, in which analy ds cannot difeover 
the exijieUpr of this fait, they certainly would not have fallen 
intotbt«>0IM?. Others, ladly, incondderately adopting all thefe 
opinions, have aderted, that a mixture of thefe diderent matters 
predde as it were over fermentation, ed'eding the decom- 
podtion of the fugar, and its converdon into alcohol ^ 

Of thefe hypotheds feme are evidently falf^ ; others are 
reducing, and acquire from fpecious reafonlng fomc degree of 
probability. But before we admit them, we mud confult ex- 


et a mixture of 
all thefe. 


Mr. Thennrd here gives a Jong note, to prove he had not feen 
the prize edays wri^en in 1787 and 1788 by Fabroni, from whom 
fome perfons at Paris accufed him of having borrowed, and to diow, 
that Fabroni and he differ eifentially in this theory; but it is here 
omitted as irrelevant. T. 
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perielice we oughts leaving them all out of the queftion^ 

to deduce from obiervation the theory, which we are loo apt to 

form beforehand. If the genius of Stahl, indead of giving Stahl miflcd by 

birth to phlogidon, a being that never exided but in 

brilliant imagination of that extraordinary man, had inter- periment* 

rogated nature by means of experiment more than he did, 

perhaps it would not have gone adray ; perhaps Stahl would 

have difcovered the truth, and deprived France pf the glory 

of having produced the author of the modern theory of che- 

midry. Such is the courfe I have purfued. Before I formed Fnaaobfervcd 

or adopted any fydem, I obferved fadls, and deduced from 

them confequences, which, it appeared to me, mud guide us 

to the view of what patfes in liquors under fermentation. But 

in a fubjedt of fuch nicety nothing is more eafy than to deceive 

ourfelves ; and it is particularly for the purpofe of corredting 

my notions, if they be not jud, that I fubmit to the clafs the 

refiilt of my inquiries *. 

My fird obfervations were made on the juice of goofeberries. He firft eicamln* 
which I had drong reafons to prefer to any other ; its fermen- juife,°affer? 
tation proceeding with mod celerity, fo that it is confequenlly mentingmoft 
bed calculated to throw light on the caufes that produce it. 5 
All my refearches were diredled at fird to difeover the matter^ in order to dif- 
that fervesasa ferment. It would be making a great asVhe'fer^atJ* 
and almod refolving the problem, or at lead difeovering a 
number of truths not yet known, to determine the nature of 
this matter, and toafeertain whether it be always one and the whether if 
fame, or whether there be feveral that podefs this property, fubftlnce^or 
This important quedion had druck me long ago: 1 had evenferersl. 
meditated upon it occafionally, and promifed myfelf to attempt ^ 

its folution, when the Inditute propofed it as a fubjedl of a 
prize. This was an additional drong motive to my purfuing 
it. I was far from being difpofed to admit feveral fermenta* Heftippofed If 
tiv6 principles ; every thing led me to believe, that there was ^ 

but one, and that it was none of thofe hitherto fufpe^ted, (ihee 
in fa6I neither extra^ive matter, nor mucilage, nor tartar, 6cc. 
ads upon fugar. But this required pofitive demondration ; 
and though I have yet no abfolute proofs of it; as it is by jio 
means demondratedy that tliere are feveral, and one is ob* bsble* 
ferved on all occadons, this opinion feems to me at prefent to 
deferve the preference. 

* This paper was read to the National Inditute. 
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Gooseberry juice 
contains a flight- 
ly glutinous 
Tnatter* which, 
feparated by 
filtration, 


occafioned a 
mixture of fugar 
and water to fer- 
ment. 


and become ^ 


But as itfcarcely 
c/Fedts this on 
fix times its 
weight } it may 
be prefumed to 
contain but a 
fmall portion of 
the fermentative 
principle. 

This C9uld not 
be obtained 
apart} 

not apparently 
altered by hav- 
ing produced 
ferpientation } 
but it ceafed to 
yield ammonia. 


The germ of 
fermentation Is 
therefore of an 
animal nature. 


not feparabic by 
reagents. 


The author 
therefore had re- 
courfe to fer ’ 
mentatlo.!* 


Through a linen clolh of clofe texture I prefled opt the juice 
of a killogramme of goofeberries. It was turbid, and held 
in fufpenfion a (lightly glutinous matter, which I feparated 
by the filter, and waflied in a large quantity of water. As 
nothing is to be negle6ted in experimental fcience, and the 
moft trifling fafl frequently leads to important confequences, 
1 Iubje6led this matter to a regular examination. 1 firfi mi^ed 
it with fugar and water, to fee whether it would caufe them 
to ferment ; and I foon perceived many bubbles of an elafiic 
fluid to be extricated, which 1 found to be carbonic acid. 
The efFervefcence continued a week, and at the end of this 
period the liquor was a pleafant drink, but (lightly faccharine; 
it contained a great deal of alcohol, and might eafily have 
been miftaken for a wine not yet completely made. It may 
be fuppofed 1 redoubled my zeal and attention in the exami- 
nation of a fubfiance, that ofifered me what 1 fought. It was 
natural firft to inquire, whether the whole of it were adapted 
to decompofe fugar ; but a fixlh part of its weight being fcarcely 
able to effefl this decompofition, I concluded, that it con- 
tained the fermentative principle only in fmall quantity. This 
1 attempted every method in vain to feparate, and obtain apart : 
nothing therefore remained for me, but to compare it before 
and after it had ferved to produce fermentation. It was not 
apparently altered by this procefs ; being ftill infipid, infoluble 
both in water and in alcohol, and affecting neither infufion 
of litnfms nor fyrup of violets : but on difiillation it no longer 
afforded any trace of volatile alkali. This refult, at which 
I was not furprifed, and which a fecond experiment confirmed, 
was neverthelefs a ray of light, that confirmed me in the courfe 
I fliould purfue. It fliowed me, that the germ of fermenta- 
tion was of an animal nature, it agreed with the ideas I had 
before conceived, and gave to my fufpicions an appearance 
of reality. « 

I now examined the juice of goofeberries with great care^ 
to difeover this animal matter, which I confidered already as 
the true ferment. As it was infoluble by ilfelf, it muft be 
combined with' fome fubfiance, that held it in folution. All 
the reagents I employed failing to anfwer the purpofe, I had 
recourfe to fermentation itfelf, and obferved the phenomena 
produced by it under all circurofiances. I made my experi- 
ments on nearly a litre of filtered and perfeftly clear Jnice. 

4 . The 
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Tf»« apparatus was placed In a ftove, where the thermometer Filtered goofc- 

• *11 berry juice> la 

Hood at 20® : it was not long belore a fermentation was evident; ^ 
a large quantity of carbonic acid was prefen tly evolved ; much foon fe^rmen^; 
froth was formed; the liquor loft its tranfparency, and it even 
became fo turbid, that a fediment was thrown down, which was covered with 
was more evident as the fermentation approached its end. This turbid 

fedfment was of a yellowifli white colour, glutinous, void of ^nddepofited a 
tafte, grew brown on drying in tlie open air, and became 
(lightly acid. Thrown on redhot coals it burnt in the fame glutinous, in- 
manner as animal fubftances : diftilled in a frnall retort it af- (ipid, grew 
forded a conliderable quantity of carbonate of ammonia even 
cryftallized. It made fugar ferment with extreme prompti- On redhot coals 
tude. Ill (hort it was a fubftance perfectly analogous to the 
yeaft of beer. ftance, and af- 

I was eager to try whether this phenomenon w^ere general, horded carbonate 

® ^ I- r • 1 • of ammonia 

as It ought to be according to my mode of reafoning: and in ^hen diftilled. 

fu6l experience foon taught me, that it was common to ^ 

juice in a ftate of fermentation. The mull of grapes, the -j an^^ 

juiced cherries, pears, peaclies, aud apples, and the decoc- logout to yeaft. 

lion of barley and of wheat, afford yeaft in their fermenta- ^mmon'to"air 

tion. The grape juice yielded more than the others, though fermenting 

lefs than that of goofeberries : accordingly it did not ferment 

fo readily as the latter. The juices of cherries and peaches yields moft next 

depofited nearly the fame quantity : ihofe of pears and apples 

alfordcd very little, which is the reafon why their fermentation The Juices of 

is fo (low. I could have wiflied to have had a greater number p^rs^and^applex 

of fruits at my difpofal, that I might have varied my experi- whence they 

ments more: they were fufficient, however, to prove, that, ferment flowly. 

where alcohol is formed, a fediment of yeaft is commpniy 

formed likewife. If they who have any doubt on the lubje^ alcohol is pro- 

remaining will maturely conlider the two following experi- 5 

® ' or even fromjioney 

ments, 1 believe they wgll find themfelves convinced. 1 knew and water, and 
that honey diluted with water would gradually be converted diabetic urine, 
iuto a liquor containing fpirits. Cullen informs us, that the fac- 
charine urine of a diabetic patient undergoes in time the fame • 

change** Accordingly I fel both of thefe to ferment, and tjj^ 
fediment of yeaft was formed in each. 

• It was Dr. Dobfon of Liverpool, who firft found, that diabetic 
urine changed firft into a vinous liquor, and afterward into an 
scetous, before it became putrid. T. * 


It 
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f ir^tuous^f It may te laid down« therefore, as demonflrated, that in 
sD»urionw‘ every fpirituous fermentation an animal matter is depoiited, 
•niaia] matter it timilar in all refpedls to that ariiing from wort, poiTefling ab- 
^'™***^ folutely the fame properties, and in piirticular that of decom- 
potihg fugar, and converting it into carbonic acid and fpirit 
of wine. This gives rife to a new queftion, that naturally 
It thif generated prefents itfelf^ and ought next to occupy our attention. Is the 
fer^n^onV^ the procefs of fermentation, or rather was 

it already formed, and did ferve as a ferment ? 

No direft proof, I muft confefs we have yet no experiments, which directly 
that nature cm- prove, that nature employs this fubftance exclu lively to cfTedt 
clufivdy'as a converfion of iiigar into alcohol and carbonic acid. For 

ferment. why (hould it be depolited when the fermentation has taken 
place ? It may be faid indeed, that the fugar holds it in folut^ 
tion, that it can diflTolve more than is'nccetfary for its decom- 
polition, and that then the excefs is precipitated. But this 
theory is feebly fupporled by experiment. Is this a fufficient 
reafon, however, to reject it altogether ? Have we not feveral 
infiances of compounds, that require much time for their for- 
mation? and this perhaps is what occurs in the juices of fruits, 
where the ferment and the fugar are long in conladt with each 
If itbeaprodua other. What is certain, or what at leaft appears probable, is, 
ilf preJaWy yeaft be a product of fermentation, as all liquors that 
comes fiom fetment depofil it, no doubt it owes its origin to one and the 

feme particular foluble fubftance, from which probably it differs little, and 

ftttiftance, little ... . 

changed. which produces it by its reatlion on the tugar. 

Yeaft an imme- Whichever of ihefe two opinions obtains the preference, 

dbte principle of j^ore numerous trials, as 1 have no doubt, that yeaft is an 
veectables. ^ ^ 

irrymediate principle of vegetables, and in confequence adls an 

important part in the phenomena both of art and of nature; as 

and if there be I am likewife perfuaded, that, if any other fubftance capable 

any other fer- exciting fermeiiiation exfft, it is iA the higheft degree ana- 
ment, itmuft be . ° , . . . 

fimilar to it,and logous to yeaft; that it differs from it very little; that it is 

compofed of compofed like it of azole, oxigen, carbone, and hidrogen; and 
«fbone^*and”* laftly that it ha.s no doubt the fame mode of afling on fugar; 
hidrogen. (hall proceed to exhibit with the greateft care the properties 

of this matter, w'hich 1 ftiall henceforward term fermenti and 
in particular confider well its^dtion on the faccharine principle, 
in order to eftabliQi the theory of fermentation. This theory, 
even fuppoftBg yeaft not to exift already formed, but to be 
produced in fermenting juices, will ftill be of utility, and ca- 
Jpable of various applications, as will appear below. 


1 ftiall 
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I (hall not recapitulate the phyfical qualities of ferment, as 
1 have mentioned them feveral times already; but I dial! con- 
fine myfelf to itis chemical properties, which alone are of ef- 
fential import.' It has no tafle. It neither reddens infufion of Chemical pro- 
litmus, nor changes fyrup of violets green. The putrid fer- of fir- 

mentation, which in time it undergoes, is in every refpedt 
fimjlar to that of animal fubflan^es. By deficcation it lofes 
three fourths of its weight, and this lofs confifts entirely of 
water. Thus dried it is fiill capable of exciting fermentation ; 
it is by no means decompofed, and may be preferved in this May be pre- 
date without alteration for an indefinite time. We may avail “"X , 
r I /. I . • ^ i-rt length of time 

ourielves ot this property, to convey it to places at a diftance dried. 

from any brewery, or with which it is fo difficult to keep up an 
intercourfe, that frefii yeaft could not be fent to them, parti- 
cularly in fuinmer, without becoming putrid. Diddled in a Analyfis. 
final 1 retort, and urging the fire fo far as this would bear, oight 
parts of ferment left a refiduum of 2.83 of coal; and I obtained 
1.6] of water> 1.31 of oil, and 1.4(5 of muriate of ammonia 
on adding muriatic acid. Finally, I colledled 0.33 of gas, 
containing a fifth of its bulk of carbonic acid, and which, 
when this was feparated fiom it by potafli, burnt like carbo- 
nated hidrogen, and required 1.5 ofoxigenfor its combudion. 

From this experiment we fee, that ferment contains in parti- 
cular a great quantity of carbon. 

Water at the temperature of 12® or 15® does not didblve Infoluble in 
of ferment: indeed it difiblves fo little, that after danding 
upon it feveral hours, and being well filtered, it has fcarcely 
any a6tion upon fugar. Boiling water occafions it to undergo Boiling water 
a decompofition, which I (hall examine in another memoir. 

Nitric acid, even diluted with water, at eighteen degrees. Nitric add con- 
decompofes it alfo; it converts it into greafe; and there fatty* ^JJatterj 
evolved from it at fird azot mingled with carbonic acid, and and aeot^with 

afterward nibrous gas at the fame time. carbonic acid, 

• I r nitrous gat 

PotaQi acts upon this lubitance in the lame manner as upon are given out. 

animal matters, and the phenomena in both cafes are perfe6tly Withpotaih it ^ 
the fame: with each it forms a faponaceous fubdance, and a aminnf[hi*ri?ex”* 
great quantity of ammonia, that is volatilized. ' • : tricated. 

But of all the properties of ferment, no one is fo remarkable, I** wpon 
and at the fame time fo ufeful, confequently no one fo much ' 

deferves to be dudied, as its action upon fugar: this is inte- 
reding to men in every clafs of fociety, from the mechanic to 

the . 
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Of the prfcipl 
tate one part 
with five offuga 
fermented readi 

Jy. 

Products of 
carbonic acid 
and fpiric ob- 
tained. 


equal to 171.5 
*6f alcohol. 


The refiduum 
12 grannmes, 
naufeoui and, 
ilightly acid. 
Lav^^ifier fays 
the acid is the 
acetous. 
Refidue of the 
/ermenu 


the philofopher; to both by its produ6ls, and to the latter be- 
caufeit may be a fertile fource of reBe^lion and of new truths. 
It is much to be regretted, that Lavoifier did not purfue the 
invefligation as he intended, and examine it with that care, 
which is confpicuous in all his labours. Who was more capa* 
ble of giving birth to a theory of fermentation, than the author 
of the modern theory ofchcmiftry ? No doubt he was prevented 
from doing this by a concurrence of circumftances : and this 
theory, important as it is to fcience, has hitherto remained 
vague and hypothetical. Knowing the fermentative princi- 
ple, it could not avoid naturally making a part of my refearclies: 
if I have not rendered it as clear as I hoped, at lead the veil 
with which it was covered is removed, and it reds on reafon^- 
ing confirmed by experiment. 

To obtain the folution of this problem, I added together 
different quantities of ferment and fugar ; I obferved in every 
cafe what became of both; and I confirmed by farther obfer- 
vations what the preceding iiad fuggeded. Sixty grammes 
,(927grains or nearly one ounce of ferment) not dried, and three 
iiundred grammes (4630 grains) of fugar entered into fermen- 
tation readily, the temperature being 13^ (centigrade=39^ 
Farenheit.) In four or five days all the faccharine matter had 
difappeared; 51.5 litres (3041 cubic inches) of carbonic acid 
had been evolved; the liquor being filtered, and didilled to 
two thirds, gave on a fecond rectification 863 grammes of fpirit 
at 13°. The apparatus was fo contrived, that nothing was 
lod: the receivers were cooled with common fait and ice. I 
found by fynthefis, that this quantity of fpirit was equivalent 
to 171.5 grammes of alcohol at 39°; The refidues left after 
didilling the fpirit were poured into didies and evaporated to 
drynefs: from the refiduum of the fecond diflillation nothing 
was obtained, but that of the fiifl yielded about 12 grammes 
of a naufeous fubdance, (lightly acid, and feebly attracting 
the moidure of the air. 1 wifhed to difeover the nature of 
this acid, but there was too little to afeertain it. Lavoifier 
fays, it is the acetous. Ladly, of the fixty grammes of fer- 
ment, there remained forty grammes of a fubdance, which I 
believed to be more animalized than the ferment itfelf. I was 
much furprifed to find, that I obtained from it by didillation 
much lefs ammonia. Hence I rufpeCted, that by mixing it 
afrefh with fugar, fermentation would again take place, and 

thus 
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thus all the azot would diiappear. What I had forefedn oc- 
rurred : at the end of feven days, having filtered the liquor, 

I obtained as a refiduum thirty grammes of a fubftance, which and thus loft ai 

on difiillation gave no trace of volatile alkali, i was per- 

fuaded, that the azot was carried off with the carbonic acid 

gas. To convince myfelf of this, I collefted near 41 litres 

the carbonic acid in an inverted veffel filled with folution of 

caufiic potafli. The whole was abforbed, which leaves no acid, 

doubt of its purity. 

What then becomes of the azot? it ought to be found either became of 
in the refiduum of the ferment, or in the refiduum obtained by 
evaporating the liquor left after difiillation, or in the alcohol : 
but the refiduum confiitules only half the ferment employed; 
the quantity of matter left by 300 grammes of fugar and fixty ^ 
of ferment amounts only to twelve grammes; and neither of 
thefe yields any ammonia on difiillation, while ferment affords 
a great deal. If thefe obfervations be juft, if I have accu- 
rately noticed all the phenomena, if nothing have mifted me, 
we cannot avoid concluding, that the azot muft exift in the It muft cxift m 
alcohol. Yet I have fought in vain to difeover its prefence in [houg^notdif- 
this fluid, in ether, and in the acetous acid : on pafling thefe coverable there, 
through tubes heated red-hot in the fire, and burning the gaffes 
in Volta^s eudiometer by means of the eleftric fpark, w'e ob- 
tain fuch fmall quantities, that they are by no means fufficient 
to decide the queftion : 24 or 25 parts of gas yield at moft 
one of. refiduum. 

I have made feveral other experiments however, which hi- Azot may ex- 
llierto tend to fhow, that azot may exift in fuch a manner as J'eteiS “y , 
not to be difeovered on diftillation ; confequently that it may diftillation, and 
be one of the conftituent principles of vegetables, though in 
general when diftilled they afford no ammonia. But as I have principle of vz- 
not repeated thefe experiments, and they ^re of fuch import- getables. 
ance, that we cannot be too referved in announcing them, I 
purpofe to revife and vary them, I will endeavour to appre- 
ciate all the circumftances, and if I obtain convincing proofs, • 

I will not delay communicating them to the clafs. ^ 

However this may turn out, thefe refults afford us fufficient 
light, to fee what paffes in the a£l of fermentation. In this 
refpedt I cannot agree in opinion with Lavoifier. I do not be- 
lieve as he does, that all the carbonic acid for,med proceeds All the carbonic 

from the fugar. How, on fuch a fuppofition, can we conceive *cid formed 

® , does mot proceed 

from the fugar. 
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the ferment to a£t upon it? I think, that the firft portions of 
acid are owing to a combination of the carbon, of the ferment, 
Ferment pro- and the oxigen of the^fugar, and that the ferment gives rife 
tadon^^takmg ^ernientation by abftra£iing from the fugar a portion of this 
from the fugar principle. To render this idea more clear, I fuppofe a par- 
a portion of its fugar to be formed of eight parts of oxigen, four of 

carbon, and one of hidrogen, which is not very remote from 
the truth, according to the experiments of Lavoiiier : one of 
thefe eight parts of oxigen will unite with a fourth of a part 
of the carbon of ferment, and then, the equilibrium between 
the principles of the fugar being diflurbed, they will combine 
in a different manner, fo as to form carbonic acid and alcohol, 
ferment has a The ferment has in fa6l a ilrong attra6lion for oxigen ; as is 
ftrong attraftion proved bv its decompofing air with the greateft facility; when 
is proved by its acetous and carbonic acids are produced, and the azot is dii- 
dccompofing air. engaged ^ If pyre air be employed inflead of common air, 
the readlion is flill more fpeedy. 1 have introduced 15 gram- 
mes of ferment into a veffel filled with a litre of pure air; I 
opened it over quickiilver; a fifth of its bulk was abforbed; 
the ferment was grown four, all the oxigen gas had evidently 
difappeared, and was converted into carbonic acid : the tem- 


perature was 15®. 

What becomes From what has been faid we fee what becomes of the car- 
of the principles ferment, and we (hall learn what may become of its 

other principles, if we recolledt the quantity of products re- 
fulting from a given quantity of matter fubje6ted to fermen- 
tation, and comparing the nature of the one with the other. 

From fixty grammes of ferment, and three hundred gram- 
mes of fugar wc obtained, Ccirboiiic acid 95 grammes; pure 
alcohol 171,5; extraflive matter, (lightly acid, and contain- 
ingnoazot, 12; refiduum of the ferment 4-0. Thefe40gram- 
• mes flill contained 25 of ferment, fo that 35 only had been 

employed for the decompofition of the fugarf and thefe 35 
Uaves a peculiar were reduced to 15 of a white fubfiance* infoluble in water, 
fubfttncc. incapable 

Yeaft is feWom * depofited by a fermenting juice is feldom pure : in 

pure, contain- general it contains more or lefs of this peculiar white fubftance, 
ing more or lefs which is fometimes fo abundant, that the fediment confifis of it al- 
fubtlancc^^'*^*"^ entirely. It is the mixture of thefe two fubftances, that con- 
vrith which it ditutes in great part the lees of different wines. All thefe cflfefls 
forms the chief depend on thc*relative proportions of the ferment and the fugar j if 
• fc\*s there be little fugar and much ferment, the yeaft will bfc pure ; if 
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iQOEpRble of aSing upon fugar^ yielding no ammonia on dUlil- 
lation, and leaving a coal, that burns with fcarcely any re(i- 
duum; in Aiorty exhibiting chara6lers that diAinguifh it from 
all other fubflances^ and induce me to confider it as a peculiar 
matter. 

It appears then, that ferment fakes oxigen from fugar, not The hldrogtn 
only by means of part of its carbon, but alfo by means of part 
of its hidrogen ; for the quantity of carbon given out by fer- oxigen in 
ment is too fmall, to be the foie germe of fermentation. The producing fer- 
azot difappears, and enters perhaps into thecompofition of the 
alcohol ; the other principles of the ferment form acetous acid, 
and a peculiar infoluble white matter, which is precipitated. 

The acetous acid remains in folulion in the liquor left after dif- 
tillati^n, with an extractive matter, proceeding no doubt from 
,the fugar, and foreign to it. ^ 

It is not probable, that the elements of the fugar, in their The dementi 
reaction upon each o/her when the equilibrium between them of fligar 
is difturbed, form water: there is very little hidrogen in fugar, 
and a great deal in alcohol; and betides, on adding togetlier 
the quuntity of carbonic acid, of alcohol, of extractive mat- 
ter, and of refiduum, we have a deficiency of one eleventh ^ lofs of one 
only of the matter by which they were produced. This lot’s eleventh owing 
miifl be attributed to the water the fugar contains, and is by 
no means owing to alcohol's being carried olf by the carbonic No alcohol car- 
acid. Of this 1 have been convinced myfelf by receiving ci*ibodc*7ci^^^ 
more than thirty litres of this gas in cautlic potaib; and by dif- 
lillatlon and rectification I obtained only a few grammes of, 
fluid, which had fo little lafle of fpirit, that it was not to te 
diftinguifliQd.* 

This 

on the contrary there be much fugar and little ferment, the fediment This depends on 
formed will contain but little ycaft, and perhaps even none; and proportion of 

then it will coRfift entirely of the white fubftance here mentioned, the fugar 
while the fupernatanl wine will or may be of a faccharinc quality. 

Thus fhould yeaft even be a produCl of fei mentation, it would aft 
an important part in this phenomenon; and if tdo not give rife to 
it in the firft place, which is not certain even in this cafe, at lead 
it continues to give rife to it. This was the reafon why I faid bl- 
fore, that in all cafes nature afforded us numerous applications of 
the theory I laid down. 

* Cit. Seguih has laid before the Inftitute a very different theory Seguin’s theory 
of fermentation. He thinks, that in this procefs Water is decom- of fermentation. 

pofed. 
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This theory This theory, appears to me fo much the there probable, 
yfaV* **** becaufe it perfedly accords with fadtS; and this truth becomes 
though not yet particularly ftriking when we compare them. I am far, how- 
complcte, ever, from confidering it as complete. Time no doubt will 
beftow on it the perfe6lion it wants ; and I hope myfelf fooii 
What remains to add to its evidence. I know not whether I (hall be able to 
to be done. difcover what becomes of thea^ot of the ferment: but I lhall 
afeertain without difficulty, whether the refid ual matter ob- 
tained, which I confider as a peculiar fubflance, be a product 
of fermentation, as I believe ; whether the fugar contribute 
to its formation, which is poffible; or whether it be ready 
formed, and merely precipitated, which is contrary to all pro- 
bability* The experiments, that remove all my doubts on this 
head, I (hall relate in a fecond memoir, in which I fliall not 
only elucidate fuch points in this as may appear equivocal, or 
at bed refling on too flight foundations, but I (hall alfo exhibit 
all the particulars that re fu It from them. Here on the con- 
trary I have avoided them as much as poffible, and endeavoured 
to confider the phenomenon only in a general way. 



Conje 6 lures reJpeSiing the Formation of the Ice in the Cavern of 
Grace-Dieu. ByC.lj. Cadet, of the College of Pharmacy*, 

A cavern 14^ About fix or feven leagues from Befan^on, near the vil- 
grounr**Tts cn Beau me, and half a league from the abbey of Grace- 

trance 60 feet Dieu, there is a natural grotto, 1 16 feet below the furface of 
broad and 80 

feet pofed, that its oxigen unites with the carbon of the ferment, and 

* 35 ^ • produces carbonic acid, while its hidrogen combines with the fugar, 

and converts it into alcohol. For this theory to We admiflible, we 
fhould obtain more alcohol than there was fugar; but the fa£l is, 
little more than half its weight is produced, and befides, fuppofing 
I all the carbon of the decompofed ferment to be converted into car- 

bonic acid, at moft not above a fixth part of the quantity actually 
produced would be formed, as we may eafily convince ourfelves 
from calculations already eftablifhed. It may likewife be obje6led 
to this theory, that fugar contains a great deal of oxigen, and al* 
cohol very little. 

’ * Annales de Chimie^ No. 134 , Feb. 18 ^, p. 160 . 


the 
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the plain. The entrance of it is 60 feet wide, and about 80 
high. Within its greateii breadth is 135 feet. The ftonethat 
forms the rock is calcareous carbonate, in part lam ilia ted.*-^ 

This grotto is diftinguifhed from all others by a very fingular Ice is formed ^ 
phenomenon; in ftunmer ice is conftantly formed in it in large 
quantitiesf and this ice diminiflies at the approach of winter, in winter. 

As this natural ice-houfe has been accurately defcribed by Dcfcribed by 
Mr. de Croifmare in the Encyclopedic, and feveral other de* ^®*^*°“* w/iten. 
fcriptions agreeing with his are to be found in the Memoirs of 
the Academy of Sciences for 1712, thofe of the Grangers 

for 174*3, the works of Mr. le Cat and Ravier, and Madame 
Ganthier’s Tour of a French Lady in Switzerland, I lhail con- 
fine myfelf to a few hbfervations, that have efcaped the notice 
of many of the learned who have vifited it, and combine to 
explain the formation of the ice in this cavern. 

I vifited it about the end of September, 1791, and then In September, 
found but little ice. My guide, who was accuftomed to con- 
du6l travellers to it, informed me, that a month before the ice 
was three times the bulk of what I faw. The perfon who fells A 
refrefliments at Chammars, a public garden at Befan 9 on, told quantity, 
me the fame. He faid, that when the winter had proved mild. Ice therein m!14 
fo that they were not able to fill the ice-houfes^ in the city, 
he fent in fearch of ice to the cavern of Grace- Dieu, and that 
he chofe for this the warmeft days, becaufe tJun there zuas mofi 
ice in the cavern, Mefirs. de Croifmare, le Cat, and Ravier, By fcycral au- 
in their accounts, equally attefi, that in fummer the ice is more 
abundant. The inhabitants whom I met with on the moun- in fummer. 
tain, and of whom I enquired concerning this fadl, all told 
the fame thing. Confequently, though the variation of the ice 
is quefiioned by Mr. Dunovl, quoted in the work of Madame 
Ganthier, I readily admit the exiftence of this phenomenon, 
particularly as I think I can explain it. ^ . 

The rock thal* forms the roof of this grotto is lower than all The rack that 
the neighbouring mountains, and even than the furface of the 
plains. Its temperature therefore ought to be mild, like tliat ^ 

pf all fubterraneous caverns, except at the moment when ice 
is accumulated there in abundance. Ten waggons would"* ^ 
have been fiifficient to carry away* all I faw, and the air of the The 
grotto did not feel colder to me than the open air. The au- cold.”° 
thors I have quoted fay, that the cold in it is below 0. I had 
no thermometer, but 1 can affirm that this afiertion is at lead 
queftionable. 
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Defcription of 
the cavern. 


Clear water 
burAs through 
the rocks and 
falls into a bafoA 
of ice. 


The grotto is 
corered by 
bufliy trees. 


A juft idea of the fttuation of the cavern is fufficient to flietr 
in what manner the water |>ercolates the ftrata of rock, and 
falls perpetually from the roof. The cavern is furrounded by 
thickly wooded mountains^ and from one of the neareft rocks 
rulhes a torrent, that forms three cafeacies, and turns feveral 
mills. But what is remarkable is, that the water Altering into 
the cavern does not freeze as it falls: it is received into a bafin 
of two or three feet diameter formed in the ice, and remains 
fluid on a level with the fldes of the bafin. X drank fome of 
this water, which did not feem to me very cold. It was per^ 
fe£lly clear and good. 

I obferved, that the grotto is not only furrounded by wood 
on all fides, but that it is covered by a number of the moft 
beautiful beech, and bulhy chefnut trees. Thefe deny ail ac- 
cefs to the rays of the fun, and always preferve a cool damp 
air round the cavern. This fliad^ however would not be fuf- 


The ground is 
cooled by the 
evaporation in 
fummer, 

which does not 
take place in 
winter. 


THe trees over 
t^e entrance 
being cut down, 
lefs ice was 
formed. 

( 

The entrance 
was partly clofed 
up by a wait, 


by which the 
ice was dimi- 
ai/hed. 


ficient to produce an icy iiir, but the leaves of thefe trees are fo 
many organs of perfpiration, that pour into the atmofphere the 
moifture which exhales from their vefleJs, and that has been 
pumped up by their roots. This evaporating water cannot 
pais from the ftate of a fluid to that of a gas^ without abforb- 
ing a large quantity of caloric; the ground therefore is conti- 
nually cooled by the evaporation the trees produce. In winter 
the warmth of the fun no longer draws up moifture; the leaves, 
which botanifts confider as real lungs, have difeontinued their 
organic adion; and the fame evaporation no longer exifts. 
The temperature of the cavern then changes, and approaches 
that of i’ubterranean places and grottos in general. Several 
fads ferve to confirm this theory, and to prove, that the cold 
produced in the cavern of Grace-Dieu is entirely owing to the 
fpeedy evaporation of the furrounding moifture. 

Mr. Ravier, fecretary to the bifliop of Beliay, fays, that in 
1724, the entrance, of the grotto was overfhadowed by large 
bulliy tretfs, that thefe were cut down, and that the quantity 
of ice afterwards formed has been lefs. 

He alfo reports, that Mr. de Vanolles, intendant of the pro- 
vince, defirous of preferving this natural curiofity, clofed up 
the grotto by a wall twenty feet high, with a fmall door, the 
key of which was entrufted to the bailiffs of the village, with 
a charge, that, no one fbould be fufllered to enter for the pur-* 
pofe of carfy ing away the ice. But this precaution produced 
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an unexpedled ei!^£l: the ice perceptibly diminilhed, and they 
were bbliged to puli down the wall^ which was in Tome mea« 
fare an obflacleto the evaporation. 1 faw the remains of this 
wa!l« and the inhabitants of Grace Dieu confirmed to me the 
fa£t mentioned by Mr. Ravier. 

The formation of the ice in this curious grotto, therefore. This ice Rated 
may be explained, I believe, according to the theory of the *** 

jars that ferve to cool the water they contain in hot countries, as water in 
by permitting part of the fluid to tranfude through their P°“ 
rous tides. countries by the 

As no natural philofopher has yet attempted to explain this evaporation 
interefting phenomenon, I have flattered myfelf that I might 
be indulged in a conje^ure, founded on phyhcal principles 
fully eftabl idled by experience. 


VIIL 

Ohjhrvatians on the StruSture of the Tongue : illuftrated hy Cafes 
in which a Portion of that Organ has been removed by JJga^ 
lure. By Everard Home, Efq. F, R, 

(Concluded from Vol. VI. Page 379.^ 

Encouraged by the refult of this cafe, I was led to' Another cafe 
perform a limilar operation upon a perfon at a more advanced 
period of life. 

Margaret Dalton, 40 years of age, was admitted into St. 

George’s hofpital, on the25lh of December, 1801, on account 

of a tumour, the fize of a pea, fituated on the right fide of 

the tongue, near its edge. The hiftory of the cafe was as 

follows. A fmall pimple appeared, and gradually increafed, 

without pain ; the only inconvenience was, that it affefied . 

her fpeech, and% when bruifed by the teeth, bled freely. 

The operation was performed on the 1 1 th of January, 1802, 
in exactly the fame manner as has been already deferibed. It 
produced a confiderable degree of falivation, which was ex- ' 

tremely troublefeme, (much more fo than the pain the liga-'^ 
tures produced,) and continued till the flough came away. 

The ligature neared the root of the tongue feparated on the 
6tli day ; the other on the 7th ; and, in three days after the with complstt 
feparation of the fecond ligature, the wound waA completely tuccefs^ 
ikioped over. » 


A 
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A third eafe« 


The operation y 
and hiftory of 
its prugrcfs and 
fuccefsful ter- 
mination* 


OBS£KVATIONS BU THE STHUCTUR^ OF THK TOUtOVt. 

A third cafe of this kind came under my obfervation, in 
which there was a fmall tumour in the fubftance of the longue^ 
about the fize of a pea, which gave me the idea of its being 
of that kind which might terminate in cancer. The patient 
was a gentleman of about 4-1 years of age. Upon examining 
the tumour^ I told him of my alarm refpedling its nature; and 
at the fame time addedy that 1 was very ready to remove ity 
tliould it be the opinion of other pra6litioners that fuch a ftep 
was advifeable ; and my experience in two former cafes led 
me to believe it might be done with fafety. I therefore ad- 
vifed him to confult other medical praflitioners of reputation, 
and acquaint me with their opinion. Mr. Cline was confulted, 
and his opinion coincided with mine ; which made the patient 
decide upon having the tumour removed. 

The operation was performed on the 28th of December* 
1302. The needle pierced the tongue an inch beyond the 
tip* a little to the right of the middle line of the tongue; and 
the fpace between the two ligatures* when they were tied at 
the ciccumfereince of the tongue* was fully an inch* The 
tongue w*as thick ; and the mafs included by the ligatures was 
fuch as to make it difficult to comprefs it. The operation 
gave conhd^rable pain* of a numbing kind. Immediately 
after the operation* the part included became dark coloured* 
particularly towards the middle line of tlie longue. A fali* 
vation took place- The next day* the pain and falivation 
were great* and the patient could not fwallow ; but* on the 
day following* he could take broth* negus* and other fluids. 

On the 6th day from the operation* the flough became 
loofe ; and Uie leaft motion of the tongue gave great pain* 
Upon examining the flough* there was a fmall fpot which 
looked red* and was fiirrounded by a dark fur&ce ; this was 
towards the right hde. Upon further examination it appeared* 
that the ligature to the right had not completely deadened the 
part at the centre* in which the artery had its courfe* This 
accounted for the red fpot* as well as for the pain the patient 
fulfered ; and led me* on the feventh day* to difengage the li- 
gature on the left* (which was almofi completely feparated*) 
by means of a pair of fciffiars* and pafs another ligature 
through the grove to the oppofite fide* and tie it over the 
part not completely deadened* This gave great pain for a 
few hours*' which was relieved by the ufe of tindure of 

opium. 
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opium. On the 8tb day, the patient had lefs pain than on 
any preceding day, and lefs falivation ; and, on the 9th, the 
whole Hough came away. On the IStb, the tongue had fo 
much recovered itfelf, that there did not appear any lofs of 
Yubdanoe whatever. Only a hifure of half an inch in depth, tn 
the anterior part of it ; and, as that now feemed to be ex- 
a6ily in the centre, there was not the fmallod deformity. 

The preceding cafes, in the view which it is intended te n 

take in theprefent Paper, are to be confidered as fo many ex- or expcrU 
periments, by which the drudlure of the tongue is in fome mcnts. 
refpedts afcertained ; they enable us to draw the following 
concluiions. 

The internal Aru6ture of the tongue is lefs irritable than Internal (truc- 
al mod any other organized part of the body; therefore, tongue has little 
peculiar fubdance which is interpofed between the fafciculi of irriubility. 
its mufcular fibres, is not in any refpedl connedled with the 
nerves which pafs through its fubdance to the organ of tade, 
but is merely a foft medium, to admit of great facility of ac- 
tion in its different parts. « . 

The nerves of the tongue appear to be more readily com- Its nerves eaftly 
prelfed, and deprived of their power of communicating fen- 
(ation, than nerves in general ; and any injury done to them 
is not produ6tive of difeafed action in the trunk of the inured 
nerve. 

If we compare the effeds of compredion upon a portion of 
the tongue, with thofe of a firailar compredion upon the bae- tion\nd*p^** 
morrhoidal veins when they form piles, or thofe of the tefticle follow compref- 
in cafes of varicofe veins of the fpermatic chord, which not 
only produce very violent local inflammation, but alfo a con- 
iiderable degree of fymptomatic fever, it is impodible not to 
be furprifed that the refults ihould he fo very different; dnee 
we are led to believe, upon a general principle, that parts are , 

fenfible in pr<^ortion to their vafcularity, and that all the or- 
gans of fenfe, wben indamed, are more exquifilely fo than 
any other parts of the body. 

The tongue appears to have a power of throwing, off its itfloughtod 
doughs in a (horter time than any other part. Eight or nina 
days is the ordinary time of a dough feparating from the com- 
mon parts : in l^e boy^s tongue, it was only dve. 

Having dated the information we derive from thefe cafes, 
refpeding the drulture, fenfibility, and irritability of the 
, VoL. VII,— January, 1804^ E tongue. 
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tongue^ it now remains to mentbn the advanlage to be de^ 
rived from them in a profedional view ; and, although this ia 
not directly in the line of the purfuits of this learned Society, 
yet, To flrongly is it conne^ed with humanity ^ t^t it Gannotbe 
(aid to be foreign to them, or undeferving their attention. * 
Great benefit of The information derived from thefe cafes, enables ui to 
hi c^es of**^** attempt with fafety^ the removal of any part of the tongue 
fisneer. which may have taken on a difpofition to become cancerous. 

As this diieaie in the tongu*e always begins in a very fmall 
portion of that organ, it is, in the early ilage, more within 
the reach of removal than when in any <^ier part of the 
body ; and, as the glands of the tongue are independent of 
each oilier, the cancerous difpofition by which one of ibem is 
attacked, does not fo readily communicate iifelf to the others ; 

* and the part may be removed, with a greater degree of fe- 

curity againfi a future recurrence of the difeafe, than in 
ether cafes where this malady attacks a portion of a large 
gland, tlie whole of which may be under the influence of 
the poifon, long before there is any appearance of its being 
difeafed. 


I^lnperuet oC 
she wheel and 
aate. 


A ccmponnd 
barrel or roller, 
by which the 
purchafe may be 
freatly aug- 
mented. ' 


Account of Three Mechanical Stru^uresnot commonfy noticed or 
known, in which the EjffbSt uproduced hy the Difference between 
the ASHont qf Two fimple Inflruments qf the fame Dejbription ; 
namely, 1. a compomd Barrel ahd Winch; 2. a compound 
Screw, and 3. a compound Pump, W. N. 

In the fimple mechanical engine, called the wheel and axle, 
or barrel arid wincfa^ the advantage of the power over the 
weight isitnown to be as the radius of the wheelor winch is to 
that of the axle or barrel. If it were, therefore, propofed to 
increafe that advantage, the handle mufi either be made longer 
or tlte barrel more (lender; neither of which can pra6tically 
ha done beyond certain limits in the ufual foriri; becaufe the 
handle might be too long for ahanagement, or the barrel loo 
ilight to fupport its burthen. The celebrated George Eckhardt 
is, I believe, the mventor of the confirudion, Plate 111. 
fig, 2. in which the part A of the barrel is larger tiian tiie 

part 
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pglU 3t «nd (Jjie rope which p^iTe^ under the pulley C and (uf* 

|i|inf |he Mfeight D is wound upon each in contrary dh'U^lipns. 

Wiienever, thereforei the handle is turned^ To as to gather the 
trope upon the larger cylinder, it will be given otf by the 
fmallor: audj for every turn of the larger or its correfpondent 
portion of rope wound upi there will be given' oflFa portion of 
rope, anfwering to the circumference of the fmaller^ Con- 
fequently, the quantity of unwound rope will be lefs, after 
fuch a turn, by a quantity equal to the difference between the 
circumferences of the two cylinders; and the weight D will 
be elevated through lialf that fpace. Whence 

As the circumference defciibed by the winch (or its radius) Iti poi^tr* 

Js to half the difference between the circumferences of the 
cylinders (ur half the difFcrence of their radii) 

So is the power . ^ 

To the weight (in equilibrio.) 

It is evident that the peculiarity of this engine is that the halfPecullMrity a 
difierence of the radii may be made as fraall as we pleafe with- 
put weakening the cylinder or requiring any quick curvature 
of the rope; neither of which requifites could be had in the 
limple cylinder. Its prafiical difadvantage appears to be that 
a large quantity of rope will be uf^d to produce a moderate 
elevation of the weight. 

The firft account I find of the double ferew Plate IV. Dsuble ferew 
Fig, 1. is given byMr, Wra. Hunter in the Pliilofopbical Tranf- Qjfcfc.’ewprcffei 
adions for 17S1. In the (ketch before us, A B C reprefents dowa while 
the ferew of a prefs; tlm upper part of. .the ferew A bas ® 
coarfer thread than the lower B and ,a concave (crew or nut, fth ii produecd 
C, receives the latter, while the former paffes through a proper 
helical cavity in the frame of the prefs. In the prefent (late * 

of the apparatus, the nut C is. pinned fafl to its ferevy by. a 
erofs bolt; and confequently, when the whole ferew it made 
to turn by the arms a|. the top, the nut 0 is carried round, and 
the cfTedt is* precifely the fame as if the prefs were governed 
by the ferew A alone. But when the nut C is difengaged by 
drawing the erofs bolt, and likewife prevented from revolving 
by pinning it to the moveable platform, the ef&A becoines 
more compolnded ; that is to fay, while the whole ferew ia 
carried down wards by one revolution, through one thread qf A, 
the nut C is drawn upwards through one thread of C. And 

E 2 . the 



62 


examples of 
ilow idlions 
with ftrong 
Goarfe (crcws< 


Ohfervition on 
new or anufual 
conftrudlioiis* 


Confiderationf 
rcfpe£ltAg the 
ofe of a doable 
ferewin inea. 
furin|. 


Pump with a 
double plunger 
by which the 


THltKE BlCC^AKfCAt STkVCT^ItfiS. 

the confequence is the fame as if a iingie ferew had been nfatt, 
having the diflance between thr^ and thread equal to the 
difference beween the meafures of one thread in each* 

For example*. Suppofe it were requiredto operate by (Irong 
preflTure with a ferew of ten threads in the inch» it is evident 
that the metairic protuberance or helix could not be quite fo 
thick as one twentieth of an inch, and could not therefore 
witbftand any confiderable force. But by the prefent con- 
llrudlion we may make the thread as ilrong as we pleafe. Thus 
if the (lighted be one quarter of an inch, the fined ferew mud 
have two turns in the inch, and the coarfed two turns in one 
inch and one tenth ; or in other words, it would pafs over the 
fame fpace in ten turns as the other ferew would in eleven* 

It is evident that by the condru6lion in the figure, the mod 
powerful preiTure need not be ufed til! the fubjed under com<« 
predion has already been urged by the dmple ferew. 

I may here remark concerning every one of the contrivances 
in this paper, that I have never confidered it as a requifite in 
offering a machine or tndrument to the attention of my readers 
that it fhould be univerfaliy better than the ipeans already in ufe. 
If it be new or unheeded, and ingenious, or capable of adding 
to the dock of refources which intelligent condru6tors dhd fo 
various in their degrees of eligibility under different circum* 
dances, it will, I am confident, be confidered with intered, 
and accepted with welcome. 

When we confider the extreme precifion of a fimple ferew, 
if commonly well made, it may feem fcarceiy necedary to ufe 
this contrivance in the meafurement of fmall quantities. The 
fined ferews ufually to be met with dd not exceed 100 threads 
in the inch, and I do not know of any having been made finer 
than of 200 threads in that fpace* Let us confider by what 
threads of ufual or even coarfe number ,we could have a dif- 
ference per turn of above one thoufandth of an {nch, and we 
ihall find that tlie difference between a thread of 32 and one of 
33 in the inch is the 1056 part of an inch. So likewife the 
difference between the 60th and 61 d of an inch is the 3660th 
pert, &c. I have a level trier on this condrudion which gives 
tjbe four hundredth of an inch for each turn of its compound 
ferew. 

Fig, IL Plate 4. is a pump deferibed to me by Mr. Bramah, 
and 1 think his own invention* Between the collar of leather^ 
^ A, 
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A, there paflTes a folid cylinder, of which the lower partB for water 
Xdiminifhed in diameter) pafles out through another collar of J” Jeduce/to* 
leathers D ; the internal fpace or pump barrel (ituate between chat of a much 
thofe two collars being clofed on all fides, except where two ^®*^*^* 
pipes communicate, one of which, £, has a valve opening in- ' 

wards, and the other D, has a valve opening outwards. Now 
when the folid cylinder or plunger is drawn up, the larger 
portion pafles for the moft part out of the cavity of the barrel; 
but inflead of being replaced by an equal mafs of water enter- 
ing through the pipe £ as ufual in the jack head pump, it is 
moflly replaced by the introdudlion of the folid part fi, and the 
water which enters will be equal in its folid contents to the 
difference only between the folidities of the two cylindrical 
parts of the fame length. Or the effed will be the fame as if 
the barrel were of much fmaller dimenflons. In this way with 
the (Irength of confirudtion and ample fittings of a large engine 
the power of a fmall one may be obtained, which in fome in- 
fiances of forcing may be defirable. 

It fcarcely need be mentioned that the fame effect may be 
produced by two folid pifions working in difiinft barrels of 
different bore or firoke, and communicating with each other. 


X. 


Scoteography, or the Art of Writing in the Dark, In a Letter 
from Mr, John Gough . 

To Mr. NICHOLSON. 

SIR, 

P£RHAPS you have remarked that my communications toHlilory of the 
your Journal are not all in the fame hand; the truth is, I am invention* • 
unable to write ; and my ignorance of the art arifes from the' 
lofs of fight in early infancy. The knowledge of the preced- 
ing circumfiance cannot prove of the Icaft moment to you ; , 

it is only mentioned by way of introduction to thejprefent let- 
ter, which may afford an ufeful hint to perfons labouring un- 
der the fame difadvantage. 

The perufal of Mr. Berard's method* of teaching the blind 

* PhiJ. Jour. Nov, 1S02, Vol. III. page 190. 
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3uch only is 
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KcquiAtei of 
the art. 


Pradlice* 

The paper is 
tied into fquare 
otfinpartments. 


The alphabet Is 
ormed by 
{^lacing a dot or 
a ftroke in a 
different part of 
the fquare for 
eath Idtxer* 


Method of com- 
bining the let- 
ters or of writ- 
ing* 


ART OF WFITINC in THE "OARlit , 

to writ^ was perhaps the firft occurrenee of my life which letf 
me to think ferioufly of committing lOy thoughts to paper with 
my own hand. 

This gentleman^s plan however prefenled many difficulties 
which it is unneceflTary to enumerate; in reality it promifes (o 
be of much advantage tothofe who have leafned to manage a 
pen before they loft the ufe of their eyes : but as this has not 
been my lot, I refolved to conquer the hardftiips of fortune, if 
poftible, by inventing an alphabet coniifting of charaffers which 
a mechanical apparatus might form with eafe and certainty. 
After iketching an outline of a method in my own mind, I 
imparted my unftnifhed project to an ingenious friend, being 
induced to afk his aftiftance by a confciotifnefs of my own in- 
experience in the art of writing. This gentleman completed 
the buiinefs in a (hort time, by inventing a fet of diftinft cha- 
raders of eafy execution, and contriving the means of imprint- 
ing them upon paper. 

The origin of the invention being now ftated, the procefs 
may be defcribed in the following manner; including the pre- 
paration of the paper, the alphabet, the law of cofnbining (he 
letters, the apparatus, and the proper kind of ink. 

The paper is prepared by dividing it into feveral fquare com- 
piarlments, which will appear in the annexed figure, page 57. 
The operation might be performed by means of a ruler, but 
the page may be ftamped will] greater certainty by the writing- 
frame; which inftruraent will be defcribed in the fequel. 

The alphabet is formed by means of two marks only; thefe 
are a dot, and a ftraight ftroke; for each compartment may 
be corftdered as the fkelelcn of any tharadler the writer wiflies 
to make; and it is completed by placing the rcqui file mark in 
its proper place* The letters might be defcribed feparately^j 
but a moment's infpedlion of the alphabet given in /Yg, ift 
explains the flruflure of it better than words can do. The 
feheme moreover flicws, that there are thirteen places where 
the marks may be fixed, fo as to form all the letters : to thefe 
may be added the three characters denoting the end of a word,^ 
a*capilal, and the numerals 1, 3, &c* 

Since placing a dot or a ftroke in a fquare makes a letter, the 
fame com pari ment may form the baiis of feveral characters in 
certain circumftances; provided the law of combining 
be firft eftablilHed. 



AK.T or WAIT/NC IK TlfE OAJIK^ ^ 

My method confifls in fttppofing the thirteen places of each 
compartment to be numbered^ as-is done in the annexed figure 
(Fig, 2d.) Now ir> in fpelling a word, the place of the former 
of two adjacent letters be of a lefs denomination than that of 
the latter, they may both be put in the fame fquare; in like 
manner if tlie fecond do not exceed the third in valuer this lad 
may alfo be inferted with the other two; and the fame rule 
will obtain with the fourth, 8rc. Letters of the fame deno* 
mination, as o, ri &c« are to be placed in feparate fquares; 
ond every capital mufi hav^ a compartment to itfelfi This way 
of writing ohferves no proportion betwixt the length of a word 
and the fpace occupied by it : the roonofyllable (and) fills three 
fquares; which is the number taken up by the trifyllable (inv 
fpe6tion) See Fig. ift. 

The elementary procefles of the art being now explained^ 
we come in the next place to the defcription of the infiruments 
Ind their ufes. 

The writing-table is an oblong board, having two parallel The writiaf 
brafs plates paifing from bottom to top, and containing a fpace 
between them, jufi fufficient to receive a (heetof paper: they 
are an inch in breadth, and f of an inch in thicknefs, being 
fixed with their flat fides to the (able. A row of fliort pins is 
placed along the middle, of either plate: each pin in one row 
is oppofite to one in the other, and the difiance of two adja* 
cent pins in either plate, is exactly equal to the breadth of the 
writing frame. This infirument is an oblong piece of brafs, Tht wrltiaf 
a quarter of an inch (hick : it ha^ a beyil at each end, which 
parts pafs over the fide plates of the table, and thereby fufier 
the intermediate parts of the frame to reft upon the paper. The 
annexed figure (I ft) thews the firudure of the perforated part 
and the fize of the fquare9,^ 

The procefs of fiamping the paper confifis in covering the Operation 
underfide of this plate with printer's ink; a fmall hole being 
made in either bevil for the reception of two oppofite pins in 
the fide plates ; the operation commences by placing tlie frame 
on the higheft pair, it is afterwards fucceffively removed to ^ * 

each inferior pair until the whole page is fiamped and prepardU 
for the pen. 

This infirument is a fquare brafs rod, four inches long : The pea. 
^cli fide of the fquare being nearly half as long, as a fide 

of 
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Ink-- 


of a compartment in the frame. One end of this pen is cut 
away parallel to one of its fides, fo as to form a plate thred 
eights of an inch long and a line in thicknefs : the end of the 
plate is alfo filed down fo as to leave at one corner a point, 
which is parallel to the axis of the rod ; this point is ufed in 
making dots. The other end of the rod is cut diagonally pa- 
rallel to its axis, thereby forming a prifm, the end of which is 
an ifoceles triangle. The extremity of this prifm is alfo cut 
away, fo as to leave a plate lying in the fame plane with that 
defcribed above: the end of this plane has a fmall bevil extern 
naliy, which gives it the edge of a chifiel; and it is ufed in 
making firokes. The writing frame always refis on that part 
of the page, which you are going to write upon ; and the fides 
of the compartqaents together with their angles guide the pen 
to the proper places: the method of ufing which will eafily 
occur to thofe who are acquainted with the alphabet and ap* 
paratus. 

They (hould however be informed that printer* s ink, is fiU 
ted for the purpofe : it is fpread upon a eufiiion of foft leather, 
which mull be touched by the pen, as oft as it is applied to 
the paper. 

JOHN GOUGH. 

Middlejhau', Dec, 15, 1803. 


(See qipkahet, next page,) 

P. S, A paper of mine was read Nov. 4tb before the Mapi* 
chefier Society, in which I endeavour to demonftrate Mr, 
Dalton's dodrine of mixed gafes to be repugnant to the me- 
chanical philofophy. It alfo proves experimentally that water 
augments the bulk of air of a given temperature without the 
intervention of a ftopple of mercury; from which the non- 
cxiftence of an aqueous atmpfphere is inferred upon known 
principles. 


ALPHABET. 
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Denominations of the Letters. 

1 2 3 4 5 6 7 8 9 10 11 12 13 
blicmodnuf pea 
gqh rj sk y 

V W ' X z 

* The fquare diftinguifhed by one ftar undcnieath contains the 
mark to denote the end of a word. 

** The fquare fo diftinguiflied contains the mark dfenoting a ca- 
pital letter. 

The fquare fo diltinguilhed contains the mark fignifying a 

numeral charafter or number* 

%l. Method 
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Method of uniting Sulphur and Phojphorua without Danger to 
the Operator, and an Attempt to explain the Change that then 
takes Place, By Robert Briggs, M. D. Edinburgh, 
Communicated by the Author, 

Danger of com- ACCUM has lately favoured your readers with an ac- 

phur and phof« count of tome experiments made on the compound of fulphur 
^horus. and phofphorus, (liowing the great danger of preparing it by 

the tifual proct'fs, but without pointing out a^ method by which 
it may be readily formed, and tliat without the finallefl rifk 
in the hands of a careful operator. I fay careful operator, for 
no preparation of fulphur and phofphorus (liould be iiandled 
carelefsly. In order to prevent eflecls fimilar to thofe which 
happened to Mr. Accum, is the purport of this paper, 

Limited combi- Jf equal quantities of fulphur and phofphorus are melted 
under water at a temperature not exceeding 180® of 
under i8o®4 Fahrenheit’s thermometer, a certain proportion only of the 
fulphur unites with the phofphorus. The remainder is eafily 
watlied away wdth cold water. This does not hold in higher 
temperatures: any quantity of fulphur may then be united. 
Qualities of (his Upon examining the compound after it is perfectly cold, it 
^onapound, ^jjj found to have a friable texture, fpungy appearance, and 
a fulphur colour. The heat of the hand is fufficient to melt it, 
and a temperature of about 112® or nearly fo w ill fet it on fire 
if perfeftly dry. To dry it perfedly, however, is very difficult. 
When juR formed, and during its formation, there is a ftroiig 
finell of fulpluirated hydrogen, and a confidcrable quantity of 
Ifthehratbe that gas makes its efcape. After the heat of the compound 
boib** underwater is raifed to 200® or 210®, the water is decorn- 

water is rapidly pofed very rapidy ; white fumes, whici) before filled the empty 
dccompofed, fpace of the flaik, now iffiie out of its mouth in abundance, 
pfeape, and it and if the velTcl is flidken by the hard or by allowing tlie water 
expires. iQ boi 1, a fudden inflamihation and explofion is tlie confequence. 

' 'Jhe compound of fulphur and phofphorus begins to decompofe 
liie water immediately after the union of the two commences^ 
but, towards the boiling point of water, that decompofilion 
is very rapid. 
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If yovt take the veflTel of the fire juft when the white fumes The white 
have filled the flalk, but, before they begin to ifliie from its lumfL 

mouth, and place it in a dark room without (liaking it in the nous in the dark^ 
leaft, the whole fpace above the water which is filled with 
denfe white fumes, has a beautiful appearance, like an aurora pear, 
borealis. At this time very frequently, though not always, 
bubbles of phofphorated hydrogen gas, or rather fulphur 
phofphoraicd hydrogen gas, if I may be allowed the term, 
cfcape and take fire on coming in coutadl with the external 
air, forming a beautiful white ring of fmoke rifing to the 
deling of the room, — juft fuch as happens from the decom- 
pofition of water by means of phofphuret of lime or potafh. 

Now wliat is the change produced during^^ this formation? In this proceft. 
That the water is decompofed, is abundantly evident. But watefildecom- 
while the hydrogen of the water efcapes, what becomes of its pofcH, the 
oxigen ? IF I he oxigen were alfo allowed to efcape, we fliould ** 

feel its prefence, from explofion after explofion taking place, 
immediately after it left the water along with the hydrogen, 
united with as much phofphorus as is fufficient to fire the two. 

The firing, liowever, only happens after the fulphur phof- It ii employed 
phorated hydrogen reaches the external air, or when the de- 
icompofition goes on very rapidly from a high temperature, 
and fafter than the oxigen can be difpofed of. From all thefe 
facts taken together, 1 believe it muft be pretty obvious, that 
the compound which we form of fulphur and phofphorus under 
water, is not of pure fulphur and phofphorus, but of their 
oxides. That is, during the jun6tion of fulphur and phof- 
phorus by heal under water, part of the water is decompofed, 
the hydrogen efcapes after engrofiing a fmall portion of fulphur 
^nd phofphorus, while the oxigen unites with the fulphur or 
phofphorus, or both, converting them into an oxide of fulphur 
and phofphorus. This will be found farther confirmed from which oxide 
confidering the nature of this compound. It is very inflam- maUe "thilTdi® 
mable, much more fo than a compound of pure fulphur and fimple conk- 
phofphorus formed by another method which I (hall deferibe 
by and by; but which may be converted into an oxide by a * 

very fimpleprocefs, which 1 (hall alfo point out; then it becomes* 
pne of the moft inflammable bodies with which I am acquaint- 
ed. Farther the compound of oxide of fulphur and phof- Phofphorus and 

I'horus, does not decompofe cold water fo far as 1 have been 
II 1 I I . deco*pofc water 

able to perceive, though Itie contrary is laid by Accum ; unlefi heated. 

but t( will decompofe the water if heated. 

Upon 
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Befl: method of 
forming it. 


The miKturc 


perforated 

bladder* 


The compound UpOn the whole then, I imagine, that, this compound 

firft mentioned 18 i r i-iri r. 

of the oxide i When formed under water, is nothing elle than a mixture of the 

and the phof- oxide of fulphuf and the oxide of phofphorus, and that phoP 
fulphurate^ hydrogen gas, is not phofphorus diffolved in hydrogen 

hidrogens con* gas, but a folution of the oxide of phofphorus in that fluid, 
tarn oxigcn. fulphurated hydrogen. It is not 

fulphur, but an oxide of fulphur that is diflblved. 

Befl: method of I (hall now proceed to mention what I coniider as by far 
forming It, method of forming a junction of fulphur and phof- 

phorus, and of afterwards converting them into oxides without 
rifk or danger. 

When I (irft began to examine the nature of the oxides of 
fulphur and phofphorus, the decompofition of water, and the 
efcape of its hydrogen only, at a low temperature, I imagined 
that I could effedl the union of the two much better without 
the water. 

The mixture I took a phial glafs and filled one third of it with the ufual 
covered w?th*i** fulphur and phofphorus, I tied a piece of ftrong 

perforated bladder over the mouth of the glafs, and made a fmall hole in 
bladder. it a pin. I expedted that after the phofphorus began to 

melt, probably it would Are with the fmall quantity of oxigen 
of the atmofpheric air in the phial, before the fulphur and 
phofphorus had joined. I therefore ufed the precaution of a 
fmall hole in the bladder to allow the efcape of the rarefled 
azotic gas. It did Are, and was followed by a trifling ex- 
ploAon. 

The heat was by this fuddenly augmented, the union of the 
fulphur and phofphorus formed immediately, and nothing more 
particular happened, '^e heat, however, is raifed fo fudden- 
jy that if the phial is large it Is very apt to break. I would 
not therefore recommend this to be tried by a young chemift 
without great caution. 

Explanation of Before going farther, 1 would now attempt to explain the 
Mr. Accum’i accident that happened to Mr. Gai denas,related by Mr. Accum. 
accident. compound of oxide of fulphur and phofphorus which ke 

‘ was melting with the phofphorus, had either not been tho^* 

\oughly freed from water, which it is very difficult to dp, and 
hence the explofion is eaAly explained oiUhe principles which 
I have already related ; or, allowing that there was no water, 
the phofphorus had been Ared by the oxigen of the atmofphexic 
air in the upper part of the phial, at the very moment of 
• fliaking 


Explanation of 
Mr. Accum'i 
accident. 
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lhaking the glafs. This of courfe would raife a quantity of 
llie melted phofphorus, and at the fame time oblige him to 
remove bis finger from the mouth of the phial. The highly 
rarihed nitrogen would rulh out with violence, carr)fing part 
of the melted phofphorus along with it, an explofion and iis 
cfTcdls would be the confequence. 

A pretty loud report may be produced by healing any por- 
tion of air in a phial glafs covered by the finger, on fuddenly 
removing the finger. 

This explanation^ however, is rendered abundantly evident Experiment in 
from what follows. Fill a phial glafs, or what is Hill better, 
a thin glafs tube (Init hermetically at one end with fulphur phur giadually 
and phofphorus. Cork it firmly, and plunge the tube 
hot water, the heat of which is to be gradually augmented till veUel, unite 
it boils. The fulphur and phofphorus will melt and unite ‘***'8®*'* 
peaceably. Shake them after taking the tube from the boiling 
water, that the mixture may be compleat, and no accident will 
happen. 

It is hardly neceflary to caution againft plunging the tube Not fn if thf 
into boiling water at firft. A contrary plan allows any fmall ^*^*^'*® fudden. 
quantity of oxigen that may be prefent in the very fmall portion 
of air that may remain between the particles of the fulphur 
and phofphorus to be taken up by the phofphorus before melt- 
ing. If a compound of fulphur and phofphorus be prepared This compounS 
as above directed, having only a fmall proportion of fulphur, 
it has a yellowidi while colour, isfolid when cold, and has a firft mentioned 
crydallized appearance. This fubdance is more inilammablc^^'^^ ’ 
than phofphorus, but not by any means fo much fo as a dry 
oxide of fulphur and phofphorus. This compound, however, 
may be eaiiiy converted in(o an oxide by the following fimple 
procefs. Set fire to the mixlurey ftill in the tube, by taking out which it 
the cork, admitting a little air, and plunging a hot wire into it ; ^^Jombuftion.** 
allow it to burn only five or fix feconds. It will by this be 
converted into the oxide of fulphur and phofphorus, be found 
to refemble in appearance very much a neutral fait efilorefeing, 
fublime into the neck of the glafs, and be fo very inflammable 
that the inflant you bring it into the air it catches fire, though ^ 
the thermometer be at the freezing point. 

Edinburgh^ December 15, 1803. 


On 
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On thi bejt Method of ajiertainit^ the Dip at Sea, In a Lcttef 
from Mt. Waeker. 

To Mr. NICHOLSON. 

SIR. 

The dip of the It is well known that refradion varies fa much near (Fie 
ed ver*7uncer^a render the depreiTion or dip vefy uncertain, 

hy rctradtion^ whence it feems defirabie, in the prefent improved flai^ of 
navigation, to find the dip by obfervation rather than trufi to 
the table. An inflrument fo conflrudled as to noeafure an 
angle of ISO^' would be very convenient for this purpofe, 
and the back obfervation in Hadley's quadrhnt has been pro* 
pofed ; but the back obfervation is attended with fo many in- 
conveniences to the obferver, and fo little to be depended 
The back ob- Upon, as to render it nearly ofelefs. The infirument which I 
not^wreftly propofed for taking any angle lefs than 180** Teems well 

Ihew the dip. adapted to this purpofe The di fiance of the two oppofiie 
horizons at fea is = 180^-f- twice the dip; but the motion of 
the (hip renders this method very iroublefome and uncertain ; 
for whatever uncertainty attends taking an altitude of acelef- 
tial obje6), that uncertainty is doubled in taking thediflanrc of 
|t is beft found the tw'o oppofile horizons. To avoid this inconvenience, 
by caking the jgj the meridian altitude of the fun's upper or lower limb 
and its opiate ® fextant by one obferver, and at the fame 

fupplement by time, let another obferver, with an infirument fo conflru6led 
two perfons , meafure an angle of 180^ take the diflance of the fanic 

limb of the fun, from the oppofite horizon ; tiie fum of thefe 
two angles— 180® is = twice the dip. And as two obferva- 
tionsof the fun's altitude are thus taken independently of each 
other, the latitude wrill be obtained with greater preciiion than 
by a Angle oile. 

or ‘by one perCoa The obfervatioiis^ may alfo be taken with tvro infirument^ 

Let the obferver begin fome time before noon, and take the 
altitude of the fun's limb. 2. With the other itidrament take 
the diflance of the fame limb from the oppofite point of the 

* See Philofophical Joumal| vol. m p. 218. and vol. vi. p. 

' ‘ horizon. 
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then take the firft inflrument, and correal the ob- 
servation ; and fo conliniie to ufe tlie inftrumenU alternately 
(ill the fun (hall arrive at liis greated altitude. 

If the fun's altitude were taken, when off the meirdian, by This mcthqd 
tw'O obfervefs, in the manner above mentioned, in order 
find the hour from noon, it iriight greatly add to the accuracy time, 
of that important problem. 

REMARKS. 

From the above ftri6lurcs It appears, that navigation might 
receive many improvenieiils from an inftrument that would 
lake in the largeft angle, and admit of being accurately ad- 
jufted. The latitude and time of the day might then be de- 
iermined with gi eater precKiun tlian ^t prefent, and the limits 
of the method of finding the longitude by the lunar theory 
would be enlarged. 

EZEKIEL WALKER. 

I^nn, December 22, 1803. 

(To be continued in a future communictLtion*) 

ERRATUM. 

Vol. VI, p. 219. near the bottom, for 120^, read 160^. 
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ftFew Procefs for fabricating Alum artificially and without th^ 
AJpfiance of Evaporation. By Cit. Cukaudau, Correjpond- 
ing Member of the Society qf' Apothecaries of Paris 


REPORT was made to the National InHitute in Fruc- 


tidor of the year 9, by Citizens Guyton aad Vau 4 uelin, uii 
a new procefs of Citizen Curaudau, for the artificial fabiicu- 
cation of alum. As this report is not generally known, we 
haffen to communicate it to our readers. 


Citizen Curaudau propofes, in the fabrication of alum, pro«<ff?fnpby. 
to employ one hundred paits of clay, and five of muriate of b/tic. 
foda, diluted with a quantity of water fufficient to give a pafty makraium*” 
confiAence (o the mixture. It is then made into loaves, with artiAcially. 

100 clay and 5 

* From the Annalcs,dc Chimic, FlorcabAn^ Xli No. 137. AnTaTd with 

which Watcrj.ihclgarei 
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Are ignited, which a reverberatory furnace is filled, and wherein a bri/k 

hours, or until the infide of the furnace 
of fulpburic acid is obfcurely red. The calcination being finilhed, the clay i% 
added reduced to powder and put into a found cafk ; one fourth of 
t(aics*Se*acid/^*^^ weight of fulphuric acid is then poured over it, at feveral 
intervals, agitating it ilrongly upon each addition. As foon 
as the diflengaged vapours of muriatic acid are diffipated, 
a quantity of water equal to that of the acid is added, and it 
is iiirred as before. This produces a combination between 
the acid, the earth, and the water, fo rapid, that the mixture 
heats, fwellsand emits abundance of vapours. Laftly, when 
the heat has abated a little, water is continually added until 
the quantity amounts to about eight or ten times that of the 
acid. 


To the clear When that part of the earth which is ufelefs in the formation 
pouJh ^15 added! depofited, and the liquor become clear, it is 

drawn off into veffels or boilers of lead. A quantity of water 
equal to that of the liquor drawn off, is then poured over the 
refiduum, and afterwards added to the firfi ; laflly, a folution 
of potafli is mixed with the lye, in which the alcali amounts 
to one fourth of the weight of the acid employed, and it is 
agitated. If the preference be given to employ fulphale of 
potalh, the quantity ufedmull be double that of the alcali. 

The alum cryf- After a certain time, the liquor by cooling, affords cry flak 
tahf eg by cool- alum, the quantity of which, when the cryilallization is 

completed, amounts to three times the weight of the acid 
made ufe of. This alum is refined by diffolving it in tij^e 
fmalleft poffible quantity of boiling water; and it is then as 
pure as the beft alum of commerce. 

The wafhings As the refidue ftill retains fome faline parts, Citizen Curau- 
f^fequent” * recommends wafliing it a third time with a quantity of 

operation. water fufficicnt to extrafl all the fait, and to ufe this inffead of 
fimple water in a fecond operation; by which means, there 
will not be any lofs. 

The mother- Thus, without the affiflance of heat, the greateft part of 
the alum formed in the operation is obtained, which is highly 
pruflian*i»uc* « beneficial. The author recommends the ufe of the mother- 
waters, which Hill contain alum with fulpbate of iron very 
much oxided, in the fabrication of pruffian blue, to which 
purpofe they are well adapted. 

He 
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Me confiders iJie fabrication of alum a& particularly ad- 
vantageous to the manufa£turers of prulSan blue, becaufe g| 

they may calcine their clay at the fame time with their animal pruiB»n blue* 
matters, without any increafe of cxpence. They will have 
no need in that cafe to add potafh ; and the prefence of iron, 
infiead of being injurious, will, on the contrary, be very 
ufeful. If they are defirous of fabricating alum for fale, they 
may ufe the foiution of fulpliate of potaQi. ariiing from the 
wafliing of their pruflian blue, and which is ufually loH, in* 

Head of water, to diifolve the combination of aluroine and 
fulphuric acid. The refiduums or refufe of the diftillers of^^Of/® 
aquafortis are equally applicable to the lame purpofes : they aquafortis may 
contain the alumine and pola(h requifite to the compofition of beufed. 
alum, and it will be fufficient to fprinkle this fubftance, re* 
duced to powder, with fulphuric acid, and to add the necelTary 
quantity of water to the mixture, proceeding as has been 
dire^cd above. The mother-waters of thefe alums a.e Mfo 
ufeful in the fabrication of prudian blue. 

We may alfo obfervc on this occaiion that the refufe of the^t contalo^t^aB^ 
diflillers of aquafortis contains more alcali than is required for 
the faturation of the fulphate of alumine formed by the clay, 
and that to obtain the greated polTiole quantity of this Tub* 
dance, it is neceflary to add an eighth by weight of this earth 
calcined, according to the procefs of Citizen Curaudau; and 
that in uflng about fixty parts of acid to a hundred of this 
earth, at leafl one hundred and eighty parts of very fine 
alum are obtained. 

Citizen Curaudau affirms, that he has for a long time pre- Profits from 
pared alum by thefe different proceffes with an advantage 
more than 2;5 per. cent, over that of commerce, and that, 
not with (landing the price to which it has now fallen, he flill 
derives from 10 to 12 per. cent, profit. Laflly, the manu- 
facturers of pruffian blue, to whom the potafli would be no 
expenfe, would at this time gain from 17 to 18 per. cent, by 
making this fait artificially. 

From the contents of this report, is is feen that the memoir 
of Citizen Curaudau contains the refults of experiments made 
on a large fcale, highly interefling to manufacturers and 
merchants, and that, in this view, it will be ufeful to circulate 
them through the channel of the fcientific Journals. We are 
therefore of opinion, that the clafs will give much credit to 
VoL. VIL — January, 1804. F Citizen 



OV Tilt FIERY METROR. 


Citizen Caraudau for having poblifhed the refult of his ob* 
fervations^ and that it ought to encourage him thus to turn the 
produ^ of his ufeful labours to the advantage of his country. 

Done in the clafs of phyfical and mathematical fciences^ 
the 1 1th Fru£lidor, in the year IX. 

Signed, Guyton and V A uarsLiN. ^ 

The clafs approves the report and adopts the conclufions. 


XIV. 

Letter from Mr, John Farcy, concerning the great Fiery 
Meteor qf Nov, 1 3, and on other SubjeSts, 


To Mr. NICHOLSON. 


SIR, 


Correft date or 
the appearance 
of the fiery jne- 
teor in Novem- 
ber laft. 

It was Oft the 

13/^* 


Inquiries about 
its courfe^ &c. 


The great value of your Journal, as a record of fafls con- 
nedled with fcience, induces me to requeft you will corrcdt 
the errors which have unfortunately crept into your account of 
the meteor of the J3th ult. which is defcribed, in the fecond 
line of the title, and in the firft line of the account at page 279, 
to have happened onthe^tli; and alfo in the title of the cuts 
in the next page, where it is defcribed as an event of the yix- 
teenth, I am much concerned that your friend who faw this 
intere/Iing phenomenon over St. Ann’s church-yard, did not 
give an eflimate of its elevation, or of its neareil approach to 
the zenith, or of the number of feconds during which the li^ht 
occafioned by it continued. 

I was not fo fortunate as to fee it myfelf, or fince to meet 
with any fcientific perfon who did, but on the following even- 
ing, I enquired minutely of four or five watchmen of St. Mar- 
tin’s and St. Margaret^s parilhes, who were in different places 
at the time in their way to their refpeSive watch-houfes; I 
went with each of thefe perfons to the fpot, and heard their 
relation of every circumftance which they faw ; one of thefe 
perfons being juft by the Horfe-Guards within the Park, and 
another in the front of the Admiralty, agree in fixing the time 
at about twenty-nine minutes paft eight by the Horfe-Guards 
clock ; from their comparifon of its height with the feven ftars 
then vifible (though it was rather hazy) 1 am inclined to think 

that 
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thAt it pEfled within about 30^ of the zenith, to the ^outh of It, &rette(t altitude 
and in a dire6tion from E S E. to W N W. by caufing thefe courf/w!s!w. 
peribns feparately to cbunt one, two, three, &c. as long as 
they thought the light laded, while I looked at my watch, I 
conclude its light laded but five feconds, which agrees very 
well with the two or three feconds in which it was drong 
enough to affect perfons in a room, as mentioned by you at 
page 279k 

During the Very heavy fall of fnow oti Monday livehing the Flajhea of right 
3th Ind. as I was returning home from Drury-Lane Theatre, 

I faw at didant intervals, four or five fudden flafhes of light, 
which attradled the notice of many perfons near me, and wds 
concluded to be lightning: *has lightning been obferved during 
the formation of fnow in the atmofphere ? The air felt rather 
warm at the time. 

Your candour will, I trud, excufe me in lamenting the too Obfervstionf 
concife defcriptions given, at pages 218 and 21 9, of the fyphon, cies^iiuhis 
and of the fubditute for a fly wiieel ; it has not appeared evi^ Journal, 
dent to me that the fyphon would a6l at all, without a dop 
cock below the funnel. Fig. 3. In line 7 of page 219 the 
printer has evidently made fbme mldake, and what is given 
below in explanation of fig, 2, is fo far from evident, that I 
hope you will at your leifure give a more detailed account In 
page 220, lad line but one, it (hould refer to Fig, 4 indead 
of 3. 

You will greatly oblige me by giving a place in your Journal Valuable work* 
to a paper of Mr. Playfair's in the Edin. Trans, vol. V. 1802, 
containing Theorems on the Figure of the Earth. And to a 
paper in the Trans, of the Linnean Society, defcribing an 
extraordinary appearance of the layers of flint in the chalk 
drataof the Ide of Wight. I am in hade. 

Sir, 

Your obedient humble Servant, 

^ JOHN FARCY. 

No, 12, CrowU'^Street, Weftminfter, 

Dec, 13, 1803. 


REPLY. W. N. 

Having received Mr. Woulfe's communication late in the 
month, 1 gave the account nearly in the concife words of the 
F 2 inventor. 
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or 

inventor. I will take an early opportunity of fpeaking more 
fully refpc^ling it. In Mr. Howard^s Typhon tlie funnel part 
may in fome meafure be confidered as a fubditute for the (ide 
fudion pipe. In large fyphons neither will operate unlefs there 
be a flop cock at the bottom of the outer leg: in fmall indru* 
inents, fuch as that in the drawings the doppage is made by 
the finger. 

The principal intention of a periodical journal being to pub- 
li(h in the form of a book fuch edays as from their concifenefs 
might neither be ciroolated nor preferved adequately to their 
ineritsi it Teems to follow that larger works mud for the mod 
part be exceptionable from the fpace they occupy. The ex- 
cellent trealife of Profedbr Playfair being in Englithi and of 
condderable lengthy has not yet been reprinted in our work» 
chiefly for the latter reafon ; but I will avail myfelf of the obli- 
ging indications of Mr. Farcy to re-condder both the works 
he mentions. 

XV. 

Method of refioring rancid EJferUial Oils. By J. B. De 
Roover.* 

Frocefs for purl- During my long and frequent experiments on edential 
htiit oils, ' ^ kave difeovered a method of redoring them^ when 

rancid^ which appears to podefs great advantages. The ex- 
periment which led me to it is as follows: — 

( One fixteenth 1 mixed One ounce of iulphuric ether with iixteen ounces 
toth^ud^***^*^** oil of peppermint (lightly rancid ; I left Ibis compound in 
and left in dh digedion for twenty -four hours, and then added five pints of 

gcftionj fpirits of the fame mint. The folution was complete. I fil- 

nve pints of »1- , , . ».nMi » • • .it 

cohol added. l^red the liquor and didilled it over the water bath. 1 ex- 

the^w*f°b°h nearly the whole of the oil would have paded over 

Moll of the oil ^1 the diflillation along with the alcohol and (he ether ; but, on 
remi^Inari^be- opening the dill, I was much furprized to find the greater part 
V >)f the oil fwimming on the furface of the refidual fluid. To 
afeertain the quantity of oil which had paded over, I precipi- 

* From the Journnl of Van Mens (to whom it was communi- 

rafv.!] by the au^hci.) V. 107. No. 13. 

A 
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toted it from its folution in alcohol by water, according to my OH wai 
method, and four ounces and a half of oil were feparated 
tranfparent and colourlefs as water. ing wfter. 

I then poured the reiiduum of the fiilli ti^ether with the Second diftiJIa- 
fpirit and the water of precipitation, after having feparated the 
oil, into an apparatus over a naked fire, and diftilled a fecond 
time. I had the fatisfa^lion to find a fpirit rife, the water of 
which, that came over at the fame time, depofited an oil as 
perfect as before, I repeated this cohobation by pouring the Cohobation and 
mixture of fpirits and water on the remaining oil through the ^"‘tiftillationt., 
neck of the alembic until 1 had collected in all twelve ounces 
and a half of oil as fragrant and free from rancidity as the oil. 

freiheftand bed oil of peppermint. 

I resided the fpirits and judged by fome trials that it might Some oil in the 
contain rather more than one ounce and a half of oil. 

What remained in the ftill was a thick adhefive matter 
the nature of turpentine. 1 boiled it with water, and obtained 
ten gros (drams) of a foft of dry turpentine fimilar to refin. 

It is difficult to afeertain in what manner the addition of Thi^eticsl fpe- 
alcohoh or ether, contributes to the refioration, and in fome 
meafure the regeneration of fo large a quantity of eiTential oiI» 
which had lofl the greateft part of its peculiar odour. 

Formerly it would have been faid, that the fpiritus re£tor, 
with which the alcohol of peppermint was impregnated, bad 
produced this effedl ; but now when we know that the fmell of 
an cfiential oil does not depend on a peculiar principle, but on 
a confiltution proper to the oily compound, we cannot admit 
that tlie oil of the alcohol had rendered any particle of the dif» 
aromatized oil odorant ; but we roufi fuppofe that the ether or » 

the alcohol are in their decompofition identified with the fub* 
fiance of the oil. 

In fa£l, the alcohol, and more efpecially the ether, contains 
as a confiituent part hidrogen, which is the bafe of almofi ail 
the odours, Alcoholy ether, and the effential oils, are equally 
difpofed to undergo an alteration in the relative proportion of 
their principles. There is confequently no obfiacle to our ad- 
mitting this concurrence of chemical operation for tlie refio-^ 
ration which I have obtained of the oil of tnint. 

Another circumfiance tends to fupport this explanation, I 
at firfi attributed the oil which I obtained in the fecond ope- 
ration to the difre{ence of temperature of the baflh, and of the 

naked 
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Theoretical fpe- naked fire. Bat the oily produdts of the fubfequent dlflillations 
puri^1ng*o/vQ- ®ll made at the fame temperature, left me no caufe for 
Utile oils* hefitation in explaining the effect by a fuccefTive re-a£lion of 
the ether or the alooholon the hidrogenated oik 

A third circumflahce in confirmation of this opinion is, that 
the quantity of alcohol appeared to me to be fenfibly diminilhed^ 
and that in the fraell of the oil, which was perfedly pure^ I 
did not find the lead trace of that of ether, whith is fo eafily 
difHnguifhable. ' It is true that during the repeated didillations, 
the ether might have been diffi paled as well as the portion of 
alcohol^ which conflituted the difference between the original 
and fubfequent quantities of that liquid. 

It remains, neverthelefs, to be explained how a principle of 
the alcohol^ by adimilation with the principles of the oil, (hould 
produce precifely the proportional compound w'hich forms the 
fpecies of oil on which it re-a6ts. To this it may be anfwered 
that the bafe of this oil is only difpofed to take that principle 
which fliall replace it in its original date. 

But even fuppofng this explanation to be unfounded, and 
that the influence of the ether and the alcohol fliall appear to 
be merely concurrent circumrtances for producing a reparation 
of the particles of oil and redoring its qualities, it is neverthe* 
lefs certain, that the fame effect has not hitherto been produced 
by any other means, and that my experiment furniflies us with 
a valuable method of redoring to commerce an immenfe quan-r 
tity of elTential oil, which would otherwife be of no value. 
Second experi- P. S* Since the above mentioned experiment, I have made 
another trial with an oil which flowed as thick as turpentine, 
and had no fmell by which the plant from which it was ex- 
tracted could be didinguifhed. 1 mixed four ounces of this 
oil with two drams of fulphuric ether, and after four days dif- 
tilled it with pure water. Two ounces and a half of oil came 
over as clear and as fluid as fpirits of wine, having the bed 
and mod decided odour of wild thyme. There remained in 
the dill two ounces of reiinous matter of a dark red colour. 

In this experiment the ether certaiply developed the fmell of 
^the oil on which it re-aCted, or rather it recompofed the oil by 
tranfmitting its hidrogenous principle to the oily bafe. 


Su^Jltoj^s 
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SHuefiion^, 1. reJpeSting the Place qf the ere6t Image behind a 
Concave Speculum; 2. and of the Image formed by a Concavo- 
convex Mirror which is not Left-hamded, and has the Property 
of revolving on its Axis along with the Mirror ^ hut twice as 
faft; and 3. the Figute of the Sky. By a Correfpondent. 

To Mr. NICHOLSON, 

SIR, 

J HAVE a general knowledge of the delightful fcience of C^eftions pro- 
optics, but have no pretenfions to an intimate acquaintance P®^^*** 
with its depths. I have therefore prefuroed to fequed you will 
either give your own fentiments on the following difticulties, 
or lay them before your readers, fome of whom I hope will give 
a popular explanation of them. 

1 . We are taught by all the writers on vifion that the ditlance General ftate* 
of any obje^ is afcertained from the divergence of the rays *whl«H 

from any affumed point on its furface, and that as the fenfe or we infer tke 
judgment refers to the point of divergence, we may have ® Sjftancel of yifi. 
perception of an optical image by reference to that region or ble object, 
part of fpacG from which the rays in their laft courfe are di* 
reded, whether they have in abfolute fad proceeded from this 
lad point or not. Tlius it is that we fee an image behind a Looking glaft^ 
looking glafs though the rays have never adually proceeded 
from that image ; but only move in the fame diredions as if 
they had done fo. If the mirror be convex, the image will 
be nearer to its furface, becaufe the rays will be more fcaU 
tercd and divergent, and feem to have come from a nearer 
point. And parallel rays arc faid to come from an objed in* 
finitely difiant. 

Now Sir, my .query refpeding the concave mirror is this:— Phenomena of 
When I hold roy face clofe to the furface, the image and ob* image# mi 
jed touch each other. If I recede, the ered image recedes 
as the rays become lefs and lefs divergent. Every one knows 
that when I am at the diftance of half the radius, the rays 
returned parallel, and confequently the image is then infinitely 
diflant. When I move farther off, the rays become conver- 
gent, and therefore in a certain fenfe may denote an image far- 
ther off than at an infinite diflance ; but I have no with to dif- 
cufs this point. When I am at the center of the fphere all is 
5 con-_ 
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confuiion, and beyond that point 1 begin to difcern the inverted 
image that hangs in the air, and is formed by the divergence 
of the rays from their focal interfedions. 

Apparent recefs Such are the fadls, but not the whole of the fads. For I 
ind app^ch of y receding of the ered image, 

in a concave J>t comes to a place where it is Itationary, and then initead ot 

iniiTor. remainjog at any (ituation that may be called an infinite or 

more than infinite diflance, it comes forward again and conti- 
nues to advance till it is loft in confufton. 

Difiiculty ftated. Perhaps I may not have exprelTed myfelf with all the clear- 
im^VSvMicc ? ^ could wifh; but I think I have (hewn a difficulty and the 

reafon why it puzzles me. The true fcience of nature muft 
be adequate to the explanation of all phenomena, or at lead 
it muft not be contrary to any one of them, What is the fo* 
lution of this ? 

Optical mirror at o. There is an optical mirror at Merlin's Exhibition in Han* 
Merlin s. over-ftreet, in which you fee your face perpetually changing 
from one diftortion to another, arifing from its greateft length 
Singular diftor- varying through all its feyeral diameters. So that the face be^ 
****“*• comes abfurdly long, crooked, ^road, &c. If you move fer- 

afid revolotlojiofther off, the face has its natural afped, but is feen turning 
the image. round its center and fucceifively affuming the ered and inverted 
pofitions, and every intermediate degree of obliquity. 

While thefe phenomena, produced by an apparatus con- 
cealed in a box, employed my occafional refledions, I hap- 
pened to fee a polifhed metallic button in the fhops, which 
upon examination proves to be a mirror of the fame kind as 
fhe larger one ufed at Merlin's. If it be conlidered in the di- 
redion of one of its diameters, it is a concave fpeculum ; but 
in the diredion of another diameter at right angles to the for- 
mer, it is convex; and the radius of each curvature is about 
one inch. It is the fame figure as a turner might produce in 
the lathe by ufing a chizel with a circular edge of one inch 
radius to fcoop oht a portion of a revolving piece til) its fmall- 
eft diameter, or calliper, became lequal to two inches. Its ef- 
feds are, 

Particula^^- ^ When t^e eye is brought very niear the polifhed furface, it 
feription of the appears elongated in the diredion of the diameter or chord, 
by*Se* buttoiir 1^® poncavity, and ftiortened in the diameter at right an- 

gles to that diameter, and if the fpeculum be turned on its 
axis, the image is affeded with the ft range undulation before 
mentioned, and undergoes all the variations twice in one re- 
volution 


A poliihed but- 
ton of the ftme 
figure. 
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volution of the mirror. But when the eye is at a confiderable 
dittance, a fmall perfed image is feen, which when the diame* 
ter of concavity is horizontal isere^but not letl handed ; that 
is to fay, if you move your right hand, the image alfo moves 
its right hand, inftead of the left, as happens in a convex and 
a plain mirror; when the diameter of concavity is vertical, the 
image is inverted, but /till right handed ; and in the other po- 
iitions of the mirror it takes every poffible fituation of obli- 
quity, making two complete revolutions for one of the mirror 
itfelf. The image is larger the nearer the objed, and the ere£t 
image is a little broader than the inverted ; this deformity be- 
ing more confiderable the larger the image. 

Now Sir, my fimple queBion is. Where is this image f Is it 
before the mirror, according to the properly of the convex, or 
behind it, according to that of the concave. 1 thought to 
have dilbovered this by the folar focus, or by applying a mag- 
nifier to the fmall image, but neither method anfwered my pur- 
pofe, and nothing within the fmall extent of my knowledge 
has enabled me to folve it by reafoning, 

3. The enlarged appearance of the moon near the horizon, 
and the flat vault prefented by the concavity of the heavens, 
have been explained by various alluiions to the diminiihed light 
after palling through a portion of the atmofphere, and its di- 
re6tion over a long row of obje6ts, fuch as trees, houfes, dtc. 
Something feems to be wanting in Ihefe accounts. Neither the 
fun or moon are ever fuppofed to be more dillant or larger when 
feen at confiderable elevations through clouds or mifts ; and 
the Iky feems flat, and thefe luminaries enlarged, whether the 
profpe6l be over woods, lawns, naked plainsi or the calm fea. 
Befides which, 1 have no hefitation in infilling that the Iky ap- 
pears loftier on fome days than on others, and even at the fame 
inllant of time on different tides. If this be no error, what 
are the caufes of the appearance or the convi^ion produced in 
our minds ? 

I am. Sir, 

Your obliged reader from the firlt, 

R.B. 


Smill revolving 
inMge, iioi left- 
handed. 


Where ii thie 
image? before 
or behind the 
mirror. 


Flatnefs of the 
Iky and horleen* 
tal moon. 


Not ^the fame at 
all timeif &c. 


I believe my correfpondent would have vanquiihed his dif- 
ficulties, with a little more confi deration. If the explanation 
be not given by fome of my correfpondents, I lliall endeavour 
to give the replies he requeits in our next. W. N. 

A New 
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XVIL 

A New Method of preparing the pure Gallic Acid^ 

M. L. SCHNAUBXRT 

Four ounces of finely powdered galls are infufed in water 
(lightly alkalized with potafh ; the infufion which is of a very 
deep colour is filtered, and a folution of nitrate of tin is 
dropped into it, until no more precipitate is formed. The 
free acid of the liquid is then faturated with potaih, taking 
care not to add the alkali in excefs, and the precipitate is 
feparated by filtration. The filtered liquid is then precipi- 
tated by acetite of lead^ the weight and concentration of 
which is known. A greyith white precipitate is thus ob- 
tained, which is to be digefied with diluted fulphuric acid, 
the proportion of the acid contained in which, mufi be to the 
concrete acetite of lead as one to four. After a fufficient 
digefiion, the liquid is carefully filtered and evaporated, in 
order to afford cryfials. If the gallic acid thus obtained, 
(liould contain a final) quantity of fulphuric acidi it may be 
deprived of it by digefiion, with gal late of lead. 

In order to be certain of the quantity of fulphuric acid 
neceffary for the decompofition of a given quantity of gallate 
of lead, 1 previoufly diffolved four ounces of acetite of lead 
in fi^cteen ounces of water, and diluted one ounce of fulphuric 
acid in four ounces of water. By mixing thefe two liquids 
to afford the perfe6t precipitation, the requifite proportion 
waseafily found, I mult here obferre, that it will be better 
to keep the gallic acid in a liquid fiate than to reduce it to 
cryfials, becaufc evaporation always renders it more or lefs 
brown, I am firmly perfqaded that the gallic acid poffelfes the 
property of becoming brown by the adtion of light, at leaft, 
if in contadl with the atmofphere. For if gallic acid be fiib-r 
limed perfedlly white, and then diffolved in water, it w'ill 
be found after fome time to have undergone this kind ot 
’^Iteration. M. Bucholt has made a fimilar remark relative 
to the fame fadl. 

* Tromfdoiff's Journal der Fharmacie^ vol. ii« p. fil. 
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SCIENTIFIC NEWS. 

Ileiv(^4 of Twenty Pounds for the Artificial Produ&ion ef 

Palladium. ‘ 

TThE following is a copy of a paper received by me under 
cover, by the two-penny poft. It is written in the lame hand 
as a note which covered a fmall piece of the palladium znenr- 
tioned to have been received by me laft Midfummer. (Sec 
Philof. Journal, June, 1803. Vol. v. p. 136.) Upon inquiry, 

I find, that Mrs. Forfler has received the lum of 20 £. with 
inflrudions conformable to this paper. This original is cut 
indent- wife on the margin, and has part of a manufeript 
ilourifh or paraph on each border, but no fignature. 

(COPY.) 

December J6, 1803. 

SIR, 

AS I fee it faid in one of your Journals, that the new metal It is infixed 
I have called palladium, is not a new noble metal, as I have faid P^*diujn 

it is, but an impoiition and a compound of platina and quick- fonned by ut| 
(liver, I hope you will do me juflice in your next, and J*'^**^** ** 

your readers 1 promife a reward of 20 £, now in Mrs. Former's pr<^era u £ 
hands, to any one that will make only 20 grains of real palla- 
dium, before any three gentlemen chyroift^s you pleafe to 
name, yourfelf one if you like. 

That he may have plenty of his ingredients, let him ufe 
20 times as much quickiilver, 20 times as much platina, and 
ill (liort of any thing elfe he pleafes to ufe: neither he nor 1 
can make a fingle grain. 

Pray be careful in trying what it is he makes, for themiftake 
mud happen by not trying it rightly. 

My reafon for not faying where it was found, was, that I 
might make fome advantage of it, I have a right to do. 

If you think fit to publifb this, I beg you to give the names 
of the umpires, as 1 have d^f^red Mrs. Forder to keep (he , 
money till next Midfummer, and to deliver it only in cafe they 
can afTure her that the real metal is made by a certificate 
figned by you, and by them, pn this check. 

I hope a little bit of whatever is made maj^ be left with 
For(ier. 


Letter 
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The meafurc of 
a degree in Lap- 
land by Mauper- 
tuis, dec. fufpcA 
ed of erior* 

Ke-meafured 
lately by Swan- 
berg, &c. who 
found it to be 
57209 toifes, or 
196 lefs. 

The flattening 
of the earth 
3-3i3th. 


Mechain gone to 
meafure a tri- 
angle terminat- 
ing at the balea- 
ric ifles* 


Letter from Lalimde on the MenJUre qf a Degree of the Earth 
in Lapland*. 

ASTRONOMERS have long fufpedled, that there was 
fome error in the meafure of a degree of the earth taken in 
1736 in Lapiandj by Maupertuis, Lemonnier, Oulhier/and 
Celiius, becaufe this meafure was greater than it ought to 
have proved according to all others. Mr. Melanderhielm 
has had the good fortune to obtain a repetition of this mea- 
furement. He informs me, that Mr. Swanberg, and three 
other Swedifti adronomers, have found the degree to meafure 
51209 toifes in the latitude of 66^ 20', which are 196 toifes 
lefs than by the French meafurement, and gives for the flat, 
tening of the earth This agrees better with the other 

comparifons, and teaches us, that the figure of the earth is 
not fo irregular as was fuppofed, from the degree mcafured 
in the north. 

Mr. Mechain fet off on the 26tb of April for Spain, whi- 
ther he is gone to meafure a triangle of 93000 toifes, termi* 
natingat the Balearic iflands^ which will complete the grand 
and important meafurement of the meridian, executed a few 
years ago by MefTrs. Mechain and Delambre. He is ac- 
companied by MefTrs. Le Chevalier and Dezauche, and his 
youngeft Ton. This meafurement is very difficult, but no per- 
fon is more capable of furmounting difficulties than Mr. Me- 
chain, and we (hall have the 54th degree in the middle of the 
whole arc meafured by Frenchmen. 


New metal. DESCOTILS has difeovered a new metal in the ore of 
platina, it is prefumed that palladium may be an alloy of this 
new metal with mercury. 

A blue equal to Thenard has difeovered a blue equally beautiful, and as fine 
ultramarine. lazuli, or ultramarine. 

The National Inftitute has declared, that the galvanic prize 
vanflte^fcti[ed. Bot be given this year. 

\ 

Tk^ three articles are from the Journal of VanMons. 
* Journal de Phyfique, May, 1803, p. 400. 


Letter 
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Lttlcr from Profejfor Proust <o J, €• DeUitnStherie on a ddti* 
gerous fulminating Powder 

IN one of my late ledlures, I made an experiment that Dangcraus ex-- 
might have been attended with ferious confequences to fume P®'*®**'** 
of my auditors. 

It is, perhaps, no exaggeration to fay, that the mixture of 
oxigenated muriate with arfenic, takes iire with, the rapidity 
of lightning. 

I am accuftomed to compare the quicknefs with whiph Mode of corn- 
different kinds of powder burn, by fetting fire to them in 
cannons of equal diameter, palling each tlirough a piece of gun- powder, 
cork placed in water, fo as to link in it almoft tlieir whole 
length. 

In this manner I was defirous of burning the arfenical mix- A mixture of 
ture, by the fide of an equal quantity of gun-powder, in 
order to compare their flame and continuance ; but 1 had burnt with the 
fcarcely time to draw back a little after fetting fire to the two 
cannons, when the firft exploded and burfl, breaking the cannon that con- 
glafs veffel, and throwing about the water in all the radii of 

» f 1- i' 1 t 1 1 z' 1 1 , ed It quite flat, 

the lurrounding fphere. Though the mouth of the tube and and threw about 

the efcape of the flame were pcrfe^ly free, the cannon was '^a^cr in 

burft from top to bottom, and fpread out as fiat as a card. in^aMdirea^onf. 

This powder is fo violent in its effedls, that I conceive it itoefteas arc tot» 
would be very dangerous, to attempt to make any ufeof it. ^angciousfor 

If two long trains be made on a table, one of gUn-powder A long train of 

the other of this mixture, and lliey be in contact with each 

1 . 1 r I /• f . /> . .1, iightning- 

other at one end, lo as to be fired at the fame lime, you will 

fee w'ith great furprize, that one difappears like a fialli of light- 
ning, while the other feems to burn with extreme fiownefs. 


Zetler from a Correjpondent on the Expediency of converting 
Foreign Weights and Menfures into EngVJh. 

To Mr. NICHOLSON. 

SIR, 

THE pleafure which your readers receive from the perufal 
of your Journal is fo much abated by the obfeurity anTing 
from the names of the French weights and meafures, that I 

Journal de Phyfique, May, 1803. p. 39^. 

wifh 
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to fuggoft to your contideration» that a reduAion of tlieni 
to Engliih terms^ would be to you comparatively a. fmall la- 
hour, in proportion to what it would be to the generality of 
your readers individually. 

Your Ubours tend to the ufefbl put’pofe of communicating 
fcience and general knowledge to the public of this country. 
'I'o facilitate the acquirement of fuch knowledge, it fhould 
be commuoicated in the terms molt eafily intelligible to the 
people; not in fuch terms as require algebra, or a procefs in 
the Rule of Three, to give U precife idea of every meafure- 
ment. As your Journal becomes more extenHvely circulated, 
there arifes a Wronger claim upon you from the public, in 
favour of the many who are too indolent, too bufy, or too 
ignorant to expound for themfclves this fpecies of hierogly- 
phics. 

I am. Sir, 

Your conftant Reader* 


ANSWER. 

The rule propofed to be followed in all our tranflatioiis, 
though perhaps not precifely, and on every occalion, adhered 
to, is, that wherever the foreign denominations of weight or 
meaAire are mere indications of the proportional quantities, 
(and may be conlidered as pounds, ounces, or grains, or as 
yards, feet, or inches all through,) the original names are 
ufed without embarraiing the rubje6t with ^^y redudion into 
fradlional quantities ; In every other cafe the redu6tion is, or 
ought to be made. 

While I exprefs my acknowledgments to this reader for 
his advice and remarks, I beg leave to fay, that I heartily 
fubferibe to his opinions as to facilitating the communication 
of knowledge, by the liropleft methods. It is my wilh in the 
£de notes, and by every other means, to (horten Ihe time, 
^nd aififl the inquiries, of thofe whofe other duties forbid the 
indulgence of deep o(* continued refearches. 

W. N. 


ACCOUNT 
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JtCCOUNT OF NEW BOOKS. 


A Syftem of Theoretical and PraBical Chemiftrrf, in Two Volumes Accum’i fyftcm 
with Plates, By Fredeaick Accum, Teacher of Prac- 
tical Chemifiry, Pharmacy and Mincrqlogy, and Chemical 
Operator to the Royal Inftitution of Great- Britain, Odlavo, 

Two Volumes y 733. and full Index and Contents, with Five 
Copper Plates. 


This work which, is dedicated by permiffion to the mana- 
gers of the' Royal Inftitution, and patronized by a very re- 
fpe£lable lift of fubfcribers, is drawn up for the ufe of fuch 
as are unacquainted with chemical fcience. The author, 
therefore, begins by defcribing fuch experiments as are beft 
adapted to exhibit the general nature of chemical adtion. The 
laws of affinity, and alfo thofe which govern the phenomena 
of heat and light, are ftated by the method of fynthefts, 
and illuftratcd by experiment. And thefe are fucceeded by 
the claffihcation of bodies; namely, iirft the principles un- 
decompofed, then the chara6leriflic properties of the gafes, 
and thefe are fucceeded by the metals, alcalis, earths, &c. 
The difplay of thefe, as to their properties and habitudes, 
by an orderly combination of general narrative and reafoning, 
with particular fads, experiments or, operative procelfes, 
conftitute the bufinefs of the prefent work, which will doubt- 
lefs prove acceptable to the numerous cultivators of the fcience 
of chemiftry. 


A praBical Ejfay on the Analyfis of Minerals, exemplifying the Accum’s analy- 
Left Methods of analyfing Ores, Earths, Stones, Jnjlammahle^^^oi 
Fojfils, and Mineral Subftances in general. By Frederick 
A c CUM, Teacher of PraBical Chemifiry, Pharmacy, and 
Mineralogy, London, 12 wo. 183 pages. 1804. 

THIS adive and indefatigable ledurer, has been requefted 
by his pupils and auditors, to draw up a fet of concife direc- * 
tions, to enable any perfon not intimately acquainted w^th 
analytical chemiftry, to examine fuch unknown minerals as 
he may meet with, and readily afcertain their compoiition. 

In 
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In the accomplidimenl of this objed be has exceeded his 
firfl intention, and has not only given clear, and rather com- 
prehenfive inflrudliops for analysing all (he diilerent genera^ 
and principal fpecies of the bodies mentioned in the title, and 
commonly met with, but has alfo given examples of analyhs 
of tlie rarer or lefs abundant mineral bodies. 


of ^'ath matics ^ General Hifiory of Mathematics, from the earliefi Times, to 
the Middle of the Eighteenth Century, Tranflated from the 
French of John Bojfut, Member of the French National Jnjii* 
tute of Arts and Sciences, and qf the Academies of Bologna, 
Peterfburg, Turin, fyc. To which is affixed, a Chronological 
Table of the inojl eminent Mathematicians, Svo. 566. p. Lon- 
don, 1803. One Vol. Q6lavo. 

THIS juftly efteemed work is well tranflated under the in- 
fpe6tion of Mr. Ronnycaflle, of tlm Royal Military Academy 
at Woolwich, who has added an introductory Preface, and the 
Table mentioned in the Title Page. 
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ARTICLE I. 

Defcription of an Apparatus, bi/ which the EffeSt of Atmojpiieric 
Frejfure in JUpplying Worm^Tubs and other Vejfebs with Water 
on the Syphon Principle, may he fecured againft any Interrupt 
tion to he caufed by the extricated Air. In a Letter from 
Sir A. N. EdelcrantXi Counfillor of the Chancery, and 
Private Secretary to the King of Sweden, Member the 
Swedijh Academy, fyc. ^ 

To Mr. NICHOLSON, 

MY DEAR 

N my late return from an agricultural lour in Scotland, I Introduflion « * 

find you have in your excellent Journal, honoured me with 

, r- I 1 former endea* 

the mention of Tome ideas of mine, reipetting the applica- vours to luppiy 
tion of fyphons to raife water, with lefs expence than ufual, wor^m-t^ubs,^&c. 
for coolers in diftilleries, condenfers of lleam*engines, &c. Jhc adiori o/th« 
The ufe of fyphons is fo well and fo generally underfiood, fyphjn. 
that though the mofi obvious things do not always prefent 
themfelves firfi to the mind, it would have been furprizing if 
the fame notion had not likewife occured to others. In fadt, • 

I have fince learned, that a perfon in Ainericsl, more than 
twenty years ago, obtained a patent for ufing the fyphon to cool 
Ihe worm-pipes in difiilleries, and though I neither know his 
name, nor the fpecification of bis invention, I prefume it t^ 

VoL, VIL— February, 1804.. G be • 
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be fimilar to what I have propofcd. In addition to tvfiich^ 
t.!ie ingenious conljivance of Mr. Howard, publithed in a 
later number of your Journal, is alfo founded upon the fame 
hydrodatical laws. But whatever may be the cafe in refpc6l 
to theory, no pradical ufe feems yet Co have been made of it, 
owing molt probably to unforefeen difficulties in the execution. 
The chief itn- , The principal of thefe, in my opinion, as w'as mentioned 
thcTxtricddon'' former memoir upon this fubje^l, is the extrication of 

of air which air from the water contained in the cooling veffiel ; which air 
ftops the current, partly by its own elafticity under adiminiflied 

preilure, and partly by the heat, is accumulated in the upper 
part of the cooler, and interrupts the two columns of the 
fyphon, fo as at laft to flop the motion entirely. For though 
it may poffibly happen, by the negligence of workmen, that 
the worm itfelf may not be fufficiently found to excludfe the 
external air preffing into the cavity, and introducing itfcIf 
that way into the cooler, as is flated in the experiment of 
Mr. Howard; yet I am perfuaded that in moft indanccs, this 
caufe may be taken for the real one, inftead of the former, 
which can never fail to a6l in proportion to the perpendicular 
height of the cooler, and the heat communicated by the worm. 
As it is impoffiblc to obferve by whuta^ual means the air is 
produced, unlefs the whole apparatus were of glafs^ fuch a 
miltakc may eafily be made. In fafl, if metallic pipes could 
not be made air-tight, even in a bended form, the exhauftions 
in air-pumps and tiill more in great condenfations * would be 
attended with almofl infuperable difliculties. 

For ex trading the air di (’engaged from the water itfcIf, 
during the action of the lyphon, which in a few hours time 
would necefl'arily interrupt its motion, 1 have employed a few 
hours of leifure conftructiMg the following means, which 1 
beg leave. Sir, to communicate to you ; without pretending 
to claim a greater portion of your attention than their remote 
utility may appear to deferve. 


Not probable 
that thia air 
aomes from 
Without. 


Plan for ex 

tradtiiig It. 


* In the experiments I made fome years ago, with an apparatus 
concluded for condenfing differ ent gajes and for producing a fironger 
artificial cold, than by dny means employed before^ I compreiTed air in 
brafs pipes more than to of its original volume, which if we 
fuppofe the cooler to be 15 feet high, is more than 50 times the dif- 
ference between the external and internal preflurc of air in tho. 
cooling worm pf the new apparatus. 


On 
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t)n the top of the cooling veflel A, Fig, 1 . Plate V. i A Vcffel filled 
Fmall veflel B, called the air-vejjel, be placed, communicating ^l^cockVt'top 
with A by a cock. With the top of B let another veflel C, and another at 
called the water-vejfei be connefted, having a cock C, Thefe wJth^th# 
cocks have two parallel openings each, one for letting out air, upper pare of ch« 
the other for letting in Water at the fame time to take its worm-tub. 
place. Slippofe thefe three veflels to be filled with water 
and the fyphon in adion, the cock B open and C (hut ; then opened ihe ex- 
all the air produced in the cooler will rife through Band fill afeen^d®, and 
the air-veflel ; and in the mean time the water will defeend. 'vaicr defcendi. 
The air-veflel being filled with air, let the cock B be "nl'y 

and C opened ; then the water from C will defeend, and the opened, the air 
air will efcape into the atmofphere. By this alternate motion 

r . ,1 • i r 1 • . • 1 » n water fills 

ot the cocks, the air dilengaged within the worm-tubs win in from above, 
be continaally extracted, as long as any water remains in C. 

The principal objedl then mufl be firfl to fiipply the water The upper water 
in C, either by manual labour, or by a part of the mechanical wckii*'** 
force employed to fill the artificial refervoir for the lower muft work wlth- 
branch of the fyphon ; and fecondly, to diredt the alternative attendance, 
opening of the cocks, by a felf-regulating mechanifm ; w'hich 
may be effedled in the following manner. 

Fig. 2. Plate VI. reprefents a fedlion of the uir^vejfel B^ The cocks are 
B is the air and water-cock, communicating with the worm^ floap*^which 
tub or cooler below. A is the other cock for the fame when at loweA 
purpofe, communicating with the water-veflel C. A and B ^ns'thc^^ 
being connedted by a metallic rod K Lt their motions are limul- upper cock ; anfi 
taneous, and the perforations are fo placed, that when the ron*^*^ 

two holes of one cock are open, thofe of the other are always trary. The" 
fliut. E is a ball of lead or other weight, fixed on the lever a^ion is made 
G U, connedted with the quadrant F G, and the lever G H, [umw”ng weight, 
the whole turning through one quarter of a circle round the 
centre U ; n is a part of a cog-wheel fixed to and Aiding 
along the quadrant G F, adling upon the teeth of the cock 
A, and forcing it, together with the cock B, one way or the 
other, as itfelf is moved by the levers U F or U G, either in 
the direction from F to G, or from G to F. This alternate 
motion is produced by the floater POQR, (of which apian » 
on a dimini (bed fcale, is reprefented in Fig. 3.) having in its 
middle and hollow part a kind of fork O, through whi«h 
pafles the naetallic rod H 1, connedled with the lever H F, at 
the end of the quadrant GF. This floater in Its afeenfion 

G 2 lifts 
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^ifts (belittle ball Hat the end of the lever, and confequently 
the weight £ ; and in defcending it a6ls upon the ball I, and 
forces the weight E in the contrary dire6tion, A htle view 
of this apparatus is prefented in Fig. 4. where the double 
openings in the cocks A, B, and the manner of fixing the 
weight E with its levers, are more diftindlly feen. 

In Fig. 2. the air-veflel is fuppofed half filled with air 
Uanfmiited from the cooler. The cock- B is (hut, and the 
coc4c A open, admitting water in place of the air. The floater 
is afeending, and when (he fork O touches (lie ball H, the 
'weight E is lifted, the quadrant begins to move from E to G, 
but the Hiding part mn remains in its place till the weight E, 
having pafled the perpendicular and falling over the other 
fide, brings (he point F in contact with n, and forces at once 
both cocks in the contrary diredlion ; by which A being (hut 
and B open, the air from the cooler riles, and the water 
defeends. The floater confequently finks till it prefles upon 
I, drawing the weight E in its firft fituation, and turning the 
cocks again* This procefs will evidently continue to al- 
ternate. 


Every mechanical reader will fee the neceffity of turning 
the cocks in this apparatus by a Hidden ftroke. For if the 
floater were to a£t diredlly and conilantly upon them ; there 
would be a certain moment when both would be ihut, and 
confequently the motion would ceafe. 

Another method Infiead of the Aider m n, the fame effeft may be produced 
hy chains. chains, (fig. 5.) on the ends of the levers F G, con- 

nedled with (he cock A ; the other apparatus remaining as 
deferibed above. This method may even in feme refpedls apr 
pear more fimple ; but I have deferibed the other partly be- 
caufe I apprehend the contrivance to be new, and partly be- 
caufe the ufe of chains may in fome cafes be liable to ob- 
jeflions. 

An air-rump But I cannot avoid remarking that the moft fimple means of 
^ould be the perhaps the befi, on a fmall fcale, would be an mr- 

pump fixed on the top of (he cooler, and conne6led with the 
. pump that fupplies the artificial refervoir. And though the 
force required for extracting the rarified air, muA be in pro- 
portion to the perpendicular height of the fyphon; yet it 
cannot be more than what is required to raife a quantity of 
water necellary |o fill the place of the air, as in the former 
* 3 apparatus 


An sir-pump 
^ould be the 
lianplcil organ. 
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apparatus. When it has been found by experiments, how 
much air is extricated from a given quantity oF water, running 
with a known velocity, under a given diminution of preflure 
and heat ; the lize and power of the air-pumps may be deter- 
mined fo as to a£l with full advantage* as long as thefe cir- 
cumftances remain unvaried. But if they happen to change, 
the air-pump will either work too much, and expend an un- 
neceflary force, by extra6ting water after the air is exhaufted ; 
or too little, by extracting the air more flowly than it is pro- 
duced. On the contrary, it Teems that the floater, if the 
vefTels and cocks be of fufHcient Hze, can never deliver more 
or lefs than is exaCtly required. 

This confideration, as well as the poflibility of a conftant kut would 
fupply of water for fmall veflels, without any pumping at all, ^eav^on a fnlall 
may in many cafes allow the iirfl apparatus to be ufed with &ppaiatus. 
advantage, and even render it preferable, efpecially in elevated 
fyphons and great rarefaCtions, as moft commonly occur ia 
practice, when it would not only be very difficulty to keep 
the air-pump light without great friCtion, but a quantity of 
vapour from the heated fluid would be expanded. This in- 
creafes the difficulty of the air-pump* but in the other con- 
trivance it is partly condenfed by the cold water in the air- 
veflel trough, which it is obliged to pafs. 

I am with great efleem* My dear Sir, 

Your obedient humble Servant, 

A. N. EDELCRANTZ. 


11 . 

EiKpiines concerning the Nature qf a Metallic Suhftance lately 
fold in London as a new Metal, under the title of Falladium* 

Richard Chenevix, Esq, F, R, S. and M. R. I, * 

(he 2dth of April I learned, by a printed notice f fent Announet of a 
to Mr. Knox, that a fubftance, which was annourtced as a new 

metal/**'- 

* From the Philof. Tranf. 1803. ^ 

t ** Palladium, or newfilver, has thefe propeitles amongil others 
that fhew it to be a new noble metal. 

l.lt difToives in pure Ipirit of nitre* and makes a dark -red 
folution. 2. Green vitriol throws it down in tl^c ftate of a re- 
gulus from tliis ibiution* as it always does gold from aqua regia. 

“ 3. I* 


gty yUETEtlDED KEW METAL; PALLADIUM. 

ineta], was to be fold at Mr. Forfter*s, in Gerrard-ftrect^ 
The mode adopted to make known a diicovery of fo much 
importance, without the name of any creditable perfon except 
the vender, appeared to me unufual in fcicnce, and was not 
calculated to infpire confidence. It was therefore with a view 
to deleft what I conceived to be an impofition, that I pro- 
cured a fpecimen, and undertook feme experiments to learn 
it properties and nature. 

Its general pro- I had not proceeded very far, when I perceived that the 
pezties* cflfefts produced by this fubftance, upon the various teds, 

were fuch as could not be referred, in toto, to any of the 
known metallicfubdances. I immediatelyreturned to Mr. Forder, 
and became podefTed of the whole quantity which had been 
left in his hands for fale. I could not obtain any information 
as to its natural date, or any trace that might lead to a pro- 
bable conjedlure. 

Laminated fmall The fubdance had been worked by art : it had been rolled 
pieces.^ out in flatting-mills ; and was offered for fale in fpecimens 

confiding of thin laminae. The larged of them were about 
three inches in length, and half an inch in breadth, weighing 
on the average 25 grs. and were fold for one guinea. The 
other laroinse were fmaller, in proportion to the price. 

Mill, like Subje6led to the fame treatment as platina, to procure a 
polifhed furface, palladium affumedan appearance fcarcely to 
FJcxib^icy Von. be didinguifhcd from that metal. The laminm were not very 
fiderab.e. Spe- daftic, but were very flexible, and could be bent feveral times 
d>ff^nng^*lfthe oppof^lc direflions without breaking. The fpecific gravitj^, 
fpecimens. I found to differ not a little from that which is flated in the 
• printed notice, and to vary condderably in different fpecimens. 

Soipe pieces of this fubdance were as low as 10,972, while 
others gave 11,482. 

“ 3. If you evaporate the folution, you get a red calx that dilfolves 
in fpirit of fait or other acids. 4. It is thrown down by quick- 
filvcr, and by all the metals but gold, platina, and filver. 5. Its 
“ fpccific grai^ity by hammering, was only 11.3; but by flatting, 
as much as 11.8. 6. In a common fire the face of it tarnifhes 

“ a little, and turns blue, but comes bright again, like other noble 
** ’’metals, on being ftronger heated, 7. The greateft heat of a 
“ blackfmith’s fire would hardly melt it; 8, But if you touch it, 
while hot, with a fmall bit of fulphur, it runs as eafilyas zinc. 

“ It is fold • only by Mr. Forfter, at No. 26, Gerrard-ftieet, 
Soho, London; in famplcs of five fliillipgs, half a guinea, and 
one guinea each.’* 

The 
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The eiTcds of galvanic cledrtcity upon palladium^ were the Galvanic efTeas, 
fame as upon gold and filver. No oxidizement of the fubflance 
took place ; but oxigen gas was emitted ; during the whole 
time it formed a part of the galvanic circle in adtion. 

A lamina of this fubfiance being expofed to the blowpipe^ Became blue 
the fide removed from the immediate adtion of the flame bo- 
came blue; but the temperature «at which this colour was 
produced, exceeded that at which Reel begins to lofc the 
tinge it had received at a lower heat. 

I expofed palladium, in an open veflel, to a greater degree No nxidlzcment 

heat than that which can melt gold. No oxidizement "’'5 heat, 
enlued ; and, although the metallic liip was exlremcly thin, difficult than 
no appearance of fution took place, even at the edges or 
corners. Upon increating the /ire confiderably, 1 obtained 
a melted button ; but I cannot efiimatc the degree at which 
the fufion was e/Tccled. 

The button, by this treatment, had loA a little of its abfolute FufLd button 
weight ; but its fpecific gravity had increafed from 10,972 morc^dclffe^**^* 

1 1 ,-87 1 . It was of a grayiili- white. Its hardnefs was rather harder than iron, 

fuperior to that of wrought iron. By the file, it acquired the 

colour and brilliancy of platina. It was malleable to a great cryftallized. 

degree. Its fracture w^as fibrous, and in diverging firiac, whicli 

feemed to be compofed of cryfials ; the furface of the button 

alfo, w'hen feen through a lens, appeared to becryftallized. 

Palladium very readily combines with fulphur. I expofed Combines and 
a certain quantity of it to a violent heal, without being able 
to melt it; and, at that elevated temperature, threw fometion. Sulphuret 
fulphur upon it. It immediately entered into fufion, “*'** ''*^^ 

remained in (hat fiate until the rednefs of the crucible was 
hardly vifible in the daylight. The incrcafe of weight in the 
button of the fuiphurct, was fuch as could not indicate with 
exa6lnefs the proportion of fulphur combined with it; and I 
w^as fo limited in the quantity of palladium 1 could obtain on 
any terms, that I thought it prudent to , refer ve as much as 
poffible for the invefiigation of more important properties. 

Sulphuret of palladium is rather whiter than the fubilance itfelf, 
and is extremely brittle. 

Palladium, melted in a charcoal crucible, and kept in fufion Continued 
for fifteen minutes, did not acquire any properties diflTerent 
from thofe >ybich {have already mentioned, infpeaking of the coal; nu change. 

> eifcdl 
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efTefl: of heat upon that fubftance. Hence we may cone) ude, 
that there is not any adion between charcoal and palladium. 
Alloy. Palla- I put equal parts of palladium and gold into a crucible, fbt 
gray* and left ^ purpofe of forming an alloy. The refult, owing to an acci* 
dent, did not weigh fo much as the fum of the quantities em« 
ployed; therefore, the proportions in this alloy were uncertain. 
Its colour was gray ; its hardnefs about equal to that of wrought 
iron. It yielded to the hammer; but was lefs duftile .than 
each metal feparate, and broke by repeated percuffions. Its 
fraflure was coarfe-grained, and bore marks of cryflallization* 
Its fpecific gravity was 1 1,079. 

Palladium and Equal parts of plalina and fialladium, entered intoafuiion at 
k cable^*^* ^ much fuperior to that which was capable of fuiing 

palladium alone. In colour and hardnefs, (his alloy refembled 
the former ; but it was rather lefs malleable. Its fpecific gravity, 

I found to be 13,141. 

Palladium and Palladium, alloyed with an equal weight of filver, gave a 
filvcr : whiter, button of the fame colour as the preceding alloys. This was 
harder than filver, but not fo hard as wrought iron ; and its 
polifhed furface was fomewhat like platina, but whiter. Its 
fpecific gravity was 1 1,290. 

yalUdlum and The alloy ot equaj parts of palladium and copper was a 
more yellow than any of the preceeding alloys, and broke 
more ealily. It was harder than wrought iron; and, by the 
file, alfuined rather a leadeh colour. Specific gravity 10,392. 
Palladium and Lead iucreafes the fufibility of palladium. An alloy of 
kad: more tun- metals, but ill unknown proportions, was of a gray 
grained, ^nd coloiif, and its tratture wa*. fine grained. It was fuperior to 
h3id and biJtcij. formei ill hardnefs, but w^s extremely brittle. 1 found 

its fpecific gravity to be 12,000. 

Pallad^im and Equal parts of palladium and tin gave a grayiih button, in- 
Lmtk Tnpdft f^rior in hardnefs to wrought iron, and extremely brittle. Its 
liaClure was coinpadl and finc-rgrained. Specific gravity 8,1^5. 
Pilladiu,.. ind With an equal weight of bilinuth, palladium gave a button 
more brittle, and iieaily as hard as fteel. Its colour wa$ 
Mjttle. when reduced to powder, it was much darker. 

Its fpecific gravity, I found to be 12,537. 

Palladium and ' Iron, when alloyed with palladium, tends much to diminitb 
and arkn its fpecific gravity, and renders it brittle. Arfenic increafes 
the fufibility of palladium, and renders it extremely brittle. 

* From , 
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From thefe experiments, we may form the following table, 
(hewing the difference between the true and the calculated 
mean of fpecihe gravity 4n the alloys of palladium. 


Metals. 

proportion. 

Specific gra- 
vity by cal- 
culation *• 

Specific gra- 
vity by ex- 
periment. 

Comparison of 
the fpecific 

Difference, gravities of thefh 
alloys with the 
computed denfi* 

1 

TJ 

t, 

E 

.5 

‘Gold - 

uncertain. 

uncertain. 

11,079 

uncertain. 

Platina - 

equal parts. 

17,241 

15,141 

—2,100 

Silver - 

equal parts. 

10,996 

11,290 

+ ,294' 

Copper 

equal parts. 

10,176 

10,392 

+ .216 

Lead - 

equal parts. 

uncertain. 

12,000 1 

i 

uncertain. 

Tin - 

equal parts. 

9,340 

8,175 

-1,165 

^Bifniuth 

equal parts. 

10,652 

12,587 

+ 1,935 


I expofed ten grains of palladium to the aftion of potafh, in Palladium fuit-d 
fufion during half an hour. The fubftance loft its brilliancy , 
and di mini (lied two grains and a half in weight; thefe were liancy. 
found in the potafti. 

The action of foda upon palladrum, does not appear to be With foda. 
quite fo violent. 

Ammonia, allowed 1o remain for fome days upon palladium, Ammonia in the 
acquires o flight bluifli tinge, and holds a fmall portion 
oxide of paKadium in folution. In all thefe cafes, the adliontion, and takc^ 
of the alkali is promoted by the cental of the atmofpheric air, “P 
the oxigen of which combines the metal, in favour of the 
afhnily the oxide of palladium poflelfes towards the alkali. 

Some of the piecet of palladium were more eafily a6ted upon 
by the acids than others; and, in general, thofe of thegreateft 
fpecific gravity were the Icaft affe^ed. Upon the whole, how- 
ever, the following ftatement may be taken as the average of 
the habitudes of palladium with the acid folvents. , 

* In the fpecific gravities of the different metals, I have followed 
the table given in our elementary worki Ur. Thompfon's %ftera 
pf Chemiftiy. • 


Sulphuric 
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Sulphuric acid 
and palladium. 
Weak adlion ; 
beautiful red 
folution. 

Nitric acid more 
aAive ; fine red 
folut^O. 


Muriatic acid. 
Red folution. 

Nitro-muriatic 
acid is the true 
fblvent. 

Precipitate from 
acids by alkalis 
or earths, fine 
orange partly re- 
diflblvcd. 


Sulphuric acid, boiled upon palladium, acquires a beautiful 
red colour, and dlflfolves a portion of the fubflance. The 
a6lion of this adid is not very powerful, and, upon the whole, 
it cannot be looked upon as a good folvent for palladium. 

Nitric acid adls with much greater violence upon palladium. 
It oxidizes the fubflance with fomewhat more difficulty than it 
can oxidize filver; and, by diflblving the oxide, forms a very 
beautiful red folution. If the nitric acid be impregnated with 
nitrous gas, its action upon palladium is much more rapid. 

Muriatic acid, by being boiled upon palladium for a confi- 
derable time, a6ls upon it, and becomes of a beautiful red. 

But the true folvent of palladium is nitro-muriatic acid, which 
attacks it with great violence, and forms a beautiful red 
folution. 

From all Ihefc acid folutions of palladium, a precipitate 
may be produced by the alcalis and earths. Thefe precipitates 
are, for the mod part, of a beautiful orange ; are partly re- 
diffolved by fome of the alcalis ; and the fupernatanl liquor 
of the precipitate formed by ammonia is fometimes of a fine 
greenifh blue. Sulphate, nitrate, and muriate, of potafl), or 
of ammonia, produce an orange precipitate in the falts of 
palladium, as in thofe of platina, when not in too dilute 
folution; and the precipitates from the nitrate of palladium 
are in general of a deeper orange. All the metals, except 
gold, platina, and filver, caufe very copious precipitates in 
folutions of palladium. Recent muriate of tin produces a dark 
orange or brown precipitate in neutralized falts of palladium, 
and is an extremely delicate teil. Green fulphate of iron 
precipitates palladium in the metallic ilate ; and, if the exr 
periment fucceed, the precipitate is about equal in weight to 
the palladium employed. Fruffiate of potaffi caufes an olive- 
coloured precipitate ; and water impregnated with fulphuretted 
hidrogen gas, a dark brown one. Fluoric, arfenic, phof- 
phoric, oxalic, tartaric, citric^ and fome other acids, together 
with their falts, precipitate fome of the folutions of palladium, 
and form various combinations with this fubflance. 

Such are the principal chara£lers I have found in palladium^ 
examined as a fimple metallic body. It does not appear that, 
in flating any of its properties, except its fpecific gravity, the 
printed notice has been guilty of miffeprefenlationi 

' From 
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From thefe experiments, it would be difficult to fay of wliat Comparifon of 
metal, or of what combination of metals, palladium confifts, 

We could not fuppofe gold or platina to bean ingredient in it, mcult* 
as it is in fome meafure a£ted upon by fulphuric and muriatic 
acids, and is wholly foluble in nitric acid. Silver is excluded, 
by the effe£t of muriatic acid upon its folutions ; as is lead, by 
that of the fulphuric. Tin, antimony, bifmuth, or tellurium, 
would have left an infoluble refiduum with nitric acid. No 
traces could be found of any of the acidihable metals ; and iron 
was looked for with particular care, but in vain. In a word, 
the precipitation by the metals, feems to exclude all thofe of 
eatier oxidability than mercury; and this we tliould not fuppofe 
to be prefen t, as copper is not in the leall whitened, when 
ufed to precipitate palladium. 

The firiking fimilarity of many of the precipitates of palla- it refemblts 
dium with thofe of platina, induced me to multiply the com- 

. . ‘ - - * 1 1 r 1 f/> of Its precipi- 

parative experiments ; and I conftantly obicrved contradictory tates, &c. 
fadls. The fpecihe gravity, eafy fufibility, combination with 
fulphur, precipitation by green fulphale of iron and by prufliate 
of potafh, together with other effe6ls, were fuch as I could not 
reconcile to the Jknown characters of platina ; unlefs 1 could 
fuppofe that a fubftance did exifl, which could totally change 
its phyfical and chemical properties, or fo difguife them as to 
render them proof againft the evidence of chemical re-agents. 

The lighted of the metals is tellurium ; yet, in order to pro« 
duce an alloy of tho fpecific gravity of palladium, (fuppoling 
for a moment the real denfity of the alloy equal to the calcu- 
lated mean), it would require two parts of tellurium and one 
of platina ; and it is highly improbable, that fo large a pro- 
portion of tellurium could exifl in any mafs, without being 
detected. We have been told of very extraordinary anomalies 
in chemical aliinities, by Mr*' Berthollet ; and Mr. Hatchett 
has made us acquainted with fome, not ]^« extraordinary, in 
the properties of alloys. Yet I think we llmliceafe to wonder it is an alley of 
at what has been related by thefe chemifls, when we leasn 
palladium is not, as was fliamefully announced, a new flmple^*^^’^* 
metal, but an alloy of platina ; and that the fub/lance which , 
can thus mafk the mod cfiaraCleridic properties of that metal, 
while it lofes the greater number of its own, is mercury. 

1 confefs it was not from an analyiis of palladium that I was This was fyn* 
firft led to this refult ; for I had convinced myfelf/by fy otbefis, ^ 
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Admirable dif- 
pofal of pla- 
tina and mercury 
by which they 
were prefented Co 
each ocher and 
united. — Green 
fulphate of iron 
was added to a 
folution (»£ pla- 
tina; and alfo 
to a folution of 
mercury. No 
precipitate took 
place in either. 
The compounds 
were then n i x- 
t‘d. Platina and 
mercury fell 
down together. 
The compound 
was fufed. It 
was palladium. 


• Palladium by the 
immediate union 
of platina and 
mercuru 


of its pature^ apd had formed the fubflance^ before I could 
devifeany probable method of afeertaining its component parls^ 

In receding upon the various modifications which fubflance’ 
undergo yvhen in union with each other, and on the variations 
produced in the laws of affinity by the intervention of new 
bodies, I was induced to try whether by the affinity of platina 
with fome metal eafily reduced, it might not happen that a 
reduction of both would take place by green fulphate of iron, 
although no fuch effe^ were produced upon each metal when 
feparale. The moll likely to fucceed, as being moft eafily re- 
duced, after gold, platina, and filver, was mercury. I poured 
feme folution of green fulpliate of iron into a fait of platina, 
and alfo into a fait of mercury ; no precipitation took place 
I united the two liquors; and a precipitate exadlly refembling 
that which is formed by green fulphate of iron in palladium, 
was inftanlly formed. 1 colleded the precipitate, and expofed 
it to a flrong heat; and, after repeated trials, obtained a me- 
tallic button, not to be cliftinguiflied from palladium. 

Jt certainly is one of the mofl extraordinary fadts refpefting 
alloys, that two metals, by their union with each other, (hoiild 
fo lofe the charadteriftic properties of each individually, that 
neither of them can be immediately deleted by the ufual 
methods. Nothing but an affinity of the mofl powerful order 
could produce fuch efl'ects. But, to place the metals under 
the moll favourable circumilances, for that affinity to exert its 
influence, and to promote their union, is not the relult of com- 
mon methods. Among a great number which I have tried, 
many have failed, and none have been attended with uniform 
fuccefs. J have, however, formed palladium by the immediate 
union of platina and mercury; and, as whatever may place tiie 
apparent caprictoufnefs of this combination in a confpicuous 
point of view is not devoid of intereft, I fliall defenbe the 
means by which I bMe attempted to produce it, whether they 
failed, or wore attended with fuccefs. 


SYNTHETICAL EXPERIMENTS. 

£ap. 1. It was not till after repealed trials of the mode 
juft mentioned, that I fucceeded in forming palladium. In 
many infianjces, I obtained a button completely melted, of the 
fpedtiegravity of 13, and Ibmetimes more; not fo eafily fufed 
by fulphur as palladium; not foluble in nitric acid; and the 

abfolute 
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^bfolute weight of which exceeded that of <he plalina originally ‘ 

employed. But, although this fubftance was not plalina, I 

could not fay it was palladium. The moft fuccefsfal experi- jExperiment i. 

ment by this method, was attended with the following dr. 

cum fiances. I difTolved one hundred grains of platina in nitro- ment of forming 

muriatic acid, and then put in two hundred grains of red oxide 

of mercury, made by nitric acid ; but this not being fufficient tioned, 

to faturale the excefs of acid, 1 continued to add more, until 

it ceafed to be diflblved. On the other hand, I prepared feme 

green fiilphate of iron, and poured it into a Ibng-necked 

mattrafs. I then poured the mixed folution of platina and 

mercury into the folution of green fulphate of iron, and heated 

the whole upon a land bath. In lefs than half an hour, a 

copious precipitate was formed; and the infide of the mattrafs 

was lined with a thin metallic coat. The liquor was pafled 

through a filtre, which I had weighed; and the precipitate, 

after digeftion with muriatic acid, was well wa filed and dried. 

When I had coIle6led as much of this as I could, there re- 
mained upon the filtre 12 grains ; befides which, I had collei^l- 
ed264, in all 276. The fupernatant liquor fiill contained a 
portion of mercury, and about eight grains of platina. There- 
fore, the 276 were compofed of 92 of platina, and 181- of 
mercury. From this it appears, that one hundred grains of 
platina, can determine the precipitation of near two hundred 
grains of mercury, by green lulphatc of iron; and that, in this 
proportion, tliere is a reciprocity of faturation. The 26't, 
colleaed from the filtre, were expofed to a low red lieat, 
and were reduced to M-t. The twelve of the filtre would have 
given about feven ; therefore, the w'hole would have been 151. 

The fubftance was in the form of a fine powder, and had a 
metallic luftre. It was then put into a charcoal crucible, and 
fufed info a button. This button w^eighed 128 grains, and 
with the quantity left on the fibre, would have weighed 133. 

In this 135, there were 92 of platina; therefore it was com- Jt contained 
pofed of about two parts of that metal and one of mercury, 

It was of the fpecific gravity of 11,2; was wholly foluble in mercary. 
nitric acid ; was eafily fufed by fulphur ; was precipitated by ^ 
green fulphate of iron : in a word, it was not to be diftinguith* 
ed from palladium. 

£xper. 2. As another mode of forming palladiara in the Eyperirfent ^ 
humid way, I put metallic iron into a mixed lolution ot platina patina and 

and > 
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mercury ^as and mercury, goth matals were precipitated ; and the 
precipiut^ fay cipitale was fubraitted to the fame treatment as in the former 

iron. The r i i /• /• 

fuccefs was lefs caie; but the iaccels was not fo complete. Iron can pre^ 
complete. cipitate either platina or mercury feparately ; but grt-en ful-* 
phate of iron can perform its fundtion only in favour of the 
affinity of platina and mercury. Their union is promoted by 
itsadliOn; and the effedts are, in all probability, iimultane* 
ous. The combination of the metals takes place^ if I may be 
allowed the expreffion, in their nafeent metallic ftate, and in 
a fixed proportion of mutual faturation« The union of the two 
» metals, therefore, is in the prefent experiment lefs intimate, 
and the button which refults from fuhng the precipitate^ is of 
much greater denfity. 

Etp. 3. Zinc Exper. 3. The fame procefs was repeated, only ufing ainc 
Incorapirte?*'*' hiftead of iron, but the refult was not more fatisfa^ory. 

Exp, 4. Mcr- Exper, 4. I poured fome mercury into a folution of platina^ 
foliition'^of pU- heated them together for fome time. A precipitate took 
tina. place; but* upon fufing it into a button, I did not iinJ it to be 

Incomplete. palladium. 

Exp. 5 . Mixed Exper, 5. I diflblved the fame quantities of platina anrl mei- 

tf aTTmercury ^ nitro-muriatic acid, and etaporaled 

evaporated and tliofe folutions together. I then volatilized as much as 1 could 
ignited. The of the mercury, at a red heat. At llic end of the operation, 
^rcury ew j obtained precifely my original quantity of platina, reduced 
to the metallic ftate; but not one particle of the mercury re- 
mained along wilii it. 

Ixp. 6, 7. Exper. 6 and 7. The fame quantities of platina and mer- 
cury p red dill’olved in nitro-muriatic acid, were precipitated by 

> by phofphate of phofphate of ammonia; and the liquor was evajjorated. The 
refiduum, in a glafly ftate, was expofed to a violent heat in ^ 
charcoal crucible; and I obtained a melted button, which 
weighed more than the original quantity of platina, and was 
of the fpecific gravity of 14,5. On account of the eafy fufi- 
Pbofphuret of bility of phofphuret of platina, I likewife tried to combine it 
platina. diredly with mercury, but could not fucceed. 

2xp. S. Platina Exper. S. I precipitated a mixed folution of platina and 
precipitrtePuy ® current of fulphuretted hydrogen gas ; and rc- 

folphuretted hi* duced the infoluble powder. After many attempts, in which 
S^e’e paUa°"^ ^ obtained buttons of the fpecific gravity of 14,3 and 14,5, I 
formed a piece weighing 1 1 grains, of the fpecific gravity of 
‘ 11,5. This 
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2 1>5* This laft was palladium ; but I could not afcertain the 
excefs of weight, as a part of the original precipitate had been 
loft. 

Exp, 9. I mixed a folution of muriate of platina with 
prufliate of mercury, and obtained a (light precipitate. The pruffimc o£ a»r- 
iiquor was evaporated, and the whole reiiduum expofed to a cury. Svapora* 
violent heat. This experiment did not fucceed. It was not heat.*"Varti^ 
repeated fo often as the others ; but I have fome reafon to think fuccefs. 
it might be attended with fuccefs ; for 1 obtained, in one in- 
ftance, a few very minute grains, that were foluble in nitric 
acid. H 

Exp, 10* I heated fome purified platina, in the form of a Exp. lo. AmaT# 
very fine powder, with ten times its weight of mercury, and meicuryl'"*Hcat 
rubbed them together for a long time. The refult was, an drove off the 
amalgam of platina. This amalgam, expofed to a violent "'*^*^“*'y* 
heat, loft all the mercury it had contained ; and the original 
weight of the platina remained without increafe. 

Exp. 11 . The bell method of forming an amalgam ofExp n. Couat 
platina, is that preferibed by Count Muffin Puffikin. I dif- 
folved a known quantity of platina in nitro-muriatic acid, of platiiw heated 
precipitated by ammonia, and evaporated the liquor. The 
refiduum was rubbed for a long time with a great quantity 
of mercury, and then expofed to a violent heat. Many 
operations failed ; in fome, 1 had a button of the fpecific 
gravity of 13,2. In one attempt, I fucceeded completely: 
from 30 grs, of platina, treated as above, 1 obtained a button 
weighing 43,5, of the fpecific gravity of 11,736, which had 
all the properties of palladium. 

Exp. 12 . I fufed together, in a charcoal crucible, 100 grs. Exp. 12 . Ph^ 
of platina, 200 of cinnabar, 100 of lime, and 400 of calcined <*innabar, 
borax; and obtained a button, which weighed more than fufed. 
the platina, and was of the fpecific gravity of 15,7. It was 
not foluble in nitric acid; but combined with fulphur, at a 
red heat. 

Exp. 13. In fome experiments 1 had made, 1 found that Cxp, 13 , pij|« 
the furnace in which I formed thefe alloys, was capable 
melting platina, without the afliftance of any flux except effSu* 
calcined borax. 1 therefore urged 100 grs. of platina, at a 
very ftrong heat ; and, when I judged the fire to haye attain- 
ed its greateft intenfity, I poured mercury upon the platina, 
through a long earthen tube that terminated in the crucible, 

2 and 
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and immediately withdrew the apparatus {torn the fire. Ha 
fenfible union of the metals had taken place ; nor had the 
platina increafed in weight. 

Sia* 14 * E 3 J), 14. I put 100 grains of platina into ah earthen tube, 

placed the tube horizontally in the above furnace. At 
Bftca platina. one end of it was a retort^ containing 2lb5« of mercury. 

No efieA- When the tube was at its greatetl beat, the mercury was made 

to boil ; and the entire quantity pafled over the furface of the 
platina, at that temperature. The experiment tailed one hour 
and a half ; but the metals did not feem to have combined. 

2sp. 15 * PA Exp, 15. Mr. Pepys was fo obliging as to try the efiedl of 
S*in^roercury * powerful galvanic battery, in forming palladium. A 

and heated by piece of piatina-wire was plunged into a baton of mercury, 
and formed part of a galvanic circle. The wire was nearly in 
fufion; but no combination Teemed to take place. The nature 
of this experiment did not allow of very accurate weighing; 
but the fufed globules of platina did not appear to have ac- 
quired the properties that conditute palladium. 

Rematlts. Dif- experiments by which I attempted to form 

pafing affinities palladium. They were chiefly founded upon two principles; 
and afltmilation. affinity, and aflTimilation. In the one cafe, I endea- 

voured to prefent to tlie metals that compofe it, a fubflance 
which, on account of its affinity for feme menftruum neceflary 
for their fohition, and of their own tendency to combine in the 
proportions dated in Exp. 1, might caufe them to unite in the 
form of an infoluble compound. In the other cafe, I hoped to 
adimilale the propertie.^ of each, and, by making them fome- 
thing more alike, to place them in the mod favourable circum- 
dances for uniting. Exp. 1. was founded on the former, and 
£jrp. 8 on the latter of thefe principles. 

The plattns al- many indances, when I did not form palladium, I obtained 

urays acquired 5^ metallic button which was not platina ; and, when Ididfo, it 
properties were always weighed more than the original quantity of platitia 
thus changed, employed. In repeating Experiments 1, 2, 4, 6 , 8, 11 , and 12 , 
Mercury was I feldom failed of having fuch a fubflance. No eflefl of this 
ia^fpcofiible. place in any experiment, when mercury was not 

^ ufed along with platina; and the other metals were merely 
accedaries, in promoting their union and precipitation. This 
is fufficiently proved, by the uniformity of the refults in 
different proceflTes, whether it was palladium or the fubdance 
I now mention which was formed. The chief property which 
, didinguifhes 
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(liftinguifhes the latter fubflance from platina, is its denlity. 

It is not unufual to obtain it of a fpeciiic gravity folow as 13 ; 
very frequently 15 or 17. In the firft experiments, Ifufpe^t- 
ecl this lightnefs to be owing to fome air-bubbles ; but repeated 
funon, and comparative experiments upon platina. Toon con- 
vinced me of the contrary. The augmentation of weight aifo, 
which the platina never fails of acquiring, proves that this 
metal has combined with feme ponderable fubftance ; and, in 
fa6lj the refultof thefe operations is, an alloy which is a mean 
betwixt platina in its pure ftate and what has been called pal-* 
ladium. It is, confequently, fubje6t to infinite variation. 

The firft effects which mercury produces upon platina are, to Mercury lirll 
render it more fufible, and to diminifh its fpecific gravity. more7ufible*aiid 
The next new property conferred upon it is, the power of lighter i thea 
uniting with fulphur ; and, laftly, it becomes foluble in nitric 
acid. It is not however till the fpecific gravity is below 12, with fulphur; 
or 12,5 at moft, that it has acquired this properly ; and all thefe 
effects follow the dire6t order of the increafe of weight nitric add, 

obfervable in the platina. vi*. under the 

It is not very difficult to combine a fmall quantity oflbercury gravity 
with platina ; but, to refolve the problem completely, and to The author of 
produce an alloy of thefe metals which ftiall be of fo low a 
fpecific gravity as 11,3, and ffiall be foluble in nitric acid, is fteady method of 
not fo eafily accompliflied. Fi jin the repeated failures which 
I bave experienced in thefe operations, I am much inclined to 
think that the author of palladium has fome method of forming 
it, lefsfubjedl to error than any I have mentioned. No doubt 
that perfeverance would put us in pofleffion of his fecret ; 
but, being prevented by want of leifure from purfuing thefe 
rcfearches at prefent, I have confined inyfelf to eftablifbing 
the fa6l, and deferibing the proceflfes which I have employed. 

Having thus acquired a certainty that mercury is a con- Jis decompofi- 
ftituent part of palladium, I made fome further experiments 
upon it, with a view to its analyiis; but they have not been 
attended with fo much fuccefs. It miglil be expetled, from 
the great number of methods which have failed to form pal- 
ladium, that many might be found tq dccompol'e it when , 
formed. But I have found the converfe of fuch procefTes as 
did not fucceed in producing palladium, te be ineffedlual in 
deftroying the combination. 

VoL.VII, — February, 1804, H analytical 
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PRETENDED NEW METAL; PALLADIUM, 

ANALYTICAL EXPERIMENTS. 

Jbp. 1, 2, and 3. The converfe of the fynthetical experi- 
ments I, 2, 3, was made, but without any fatisfadtory refult. 

Aj/). 4. The converfe of Exp, 4 vvas made without fuc- 
cefs. I put fome mercury into a folution of palladium, and 
left them toprether for fome time. The precipitate which was 
formed was palladium, juft as it had been uled for the opera- 
tion. 

Exp, 5. I expofed difterent pieces of palladium to a very 
violent heat for two hours, in fome, a diminution of abfolute 
weight, with an increafe of fpecific gravity, took place ; iu 
others, neither of thefe effe£ls was produced. The fpecimens 
which 1 had made were chiefly of the latter kind. 

Exp, 6'. Cupellation did not afford any fatisfa^lion refpedt- 
ing the analyfis of palladium ; but the heat neceffary for this 
purpofe is fo great, that 1 could not place great reliance upon 
this experiment. It is difticult to detach the button from the 
cupel with accuracy. 

Exp, ft I burned fome palladium in oxigen gas. A while 
fnioke arofe during the coinbuftion, and was depofited upon 
the fides of the glafs jar that contained the gas. But this fmoke 
was palladium, and not the mercury feparaled from it. 

Exp. 8. A flip of palladium, which Mr. Davy had the 
goodnefs to expofe, in my prcfence, to the adion of the ftrong 
galvanic batteries of the Royal Inftiiution, burned with a very 
vivid light, and a white fmoke ; but no mercury was leparated 
by this operation. 

There is not any property of this compound which appears 
to me fo wonderful, as that which is nianifefted by thefe ex- 
periments. It is a ftnking proof how unfounded was the 
opinion of forne philofophers, who fuppofed that the rapidity 
of combination was a meafure of the force of affinity. We 
do not know of any affinity among chemical bodies which is 
more powerful than that of platinaand mercury appears to be. 
The obftacles which muft be overcome, in order to fix tiic 
latter metal, are a proof of this; yet the difficulty of forming 
this combination to its full extent is extreme. The difl'erenco 
which exifts between the compound and its elements, when 
merely mixed, either in folution or ollierw'ife, cannot be 

better 
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better exemplifieci than by comparing the refult of the 5th 
fynthetical experiment^ with the difficulty of expelling mercury 
from the compounds 

I muft here obferve, that all the analytical experiments, mercury 
and many others, were made, by way of comparifon, upon feparated from 
the palladium I had bought, as well as upon that which I had the bought pal- 
made. But, although I had myfelf combined the mercury the 

with theplatina, and confequently knew it to be in the com- author's real 
pound that refulted, I could not fucceed in feparating it. 

Neither did tiie fubdance defcribed in a former paragraph, as 
intermediate between platina and palladium, allow one particle 
of mercury to efcape fi om it, by any procefs I have yet been 
able to devife. 

The name of palladium conveys to our mind the idea of Objeclioni to 
fomething abfolute, and therefore incapable of gradation. Bui 
gradations in alloys are infinite ; and the alloy of platina and 
mercury is fufceptible of infinite variation. Palladium alfo 
brings to our recolledlion a contemptible fraud direded againlt 
fcience: the name, tlierefore, fliould not be admitted. I 
have called it an alloy ; for it differs too much from the ufual 
idea we have annexed to the word amalgam, but it accurately 
correfpoiids with our notions of the name I have adopted. 

The fa6ls which 1 have related in this paper^ appear at hrft Thcfe new fadU 
fight to have no fimilar examples in chemiftry ; and may not cmirircrcdU. 
gain immediate affeiit from every perfon. The phllofopher, 
indeed, will feel no humiliation in being forced to corredl or to 
extend his knowledge; and will not altogether dilbelieve a fa£t, 
becaufe he can adduce no parallel infiance, or becaufe it is not 
in uiiifon with his received opinions. Such conduct would be 
raifing an infurmountable barrier againfi the progrefs of fcience; 
it would be fetling up our own feelings in the place of nature ; 
and attempting to meafure what in itfelf is immeafurable, by 
the narrow fcale of human comprehenfion. 

But let us not confine our view of the fa£ls and principles 
that have been mentioned, to this fingle infiance. Let us trace 
them in a more extended circle ; and fee whether any thing 
may be found in nature that can apply to the prefent fubje6t. ^ 

The firfi prejudice, for fuch I mufi call it, againfi the pre- Theftrange 
fence of platina in palladium is, the fmall denfily of the alloy. 

And no doubt it is extraordinary, that a metal the fpecihe inthiscompouiul 
giavityof which is at leafi 22 , (Chabaneau fays 24 -,) com- ^ 
Lined with another the fpecific gravity of which is nearly 14, 

H 2 lhoul4 
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fhould produce a niafs of the fpecific gravity of 10,972 ; not 
much more than half of that which calculation would denote^ 
Orherfimilar and inferior to either of its elements. In Mr, Hatchett’s Pa- 
per upon the Alloys of Gold, to which I always refer with 
plcafure, we find fome extraordinary inftancesof anomalies in 
Ipecific gravity, both in excefs and diminution upon the cal- 
culated mean. Hi*? experiments have not been doubted ; nor 
can their accuracy be called in quefiion. The principle of de- 
viation in the true and the calculated mean is therefore ad- 
mitted. Who then can fay where this deviation fliall end, or 
mark out limits to the operations of nature ? 

Particularly the But a 110 lefs extraordinary inflance of irregular denfity is 
ditferent daily before our eyes; yet it has not fo much as attradled our 

gafi form water attention. It IS true that it is taken from among the gates, 
or fteam a^nd^a jf fuppofe that we have attained accuracy in experi- 

gafes which iflcnts upon thefe fubjeds, I fee no reafon to refufe their evi- 
formit. Thefe dence in this inftance. The denfity of oxygen gas, to that of 
arc as ^ to 4. ^^terjs as 1 to 740 ; and the denfity of hydrogen gas as 1 to 
9792. The mean denfity of that proportion of oxygen and 
hydrogen gafes which coiifiitutes water, is to that ol water as 
1 to 2098; or, in other words, water is 2098 times heavier 
than the mean denfity of its elements in the gafeous Hate. But 
water is only 1200 limes heavier than fleam, or water in the 
Hate of vapour. Therefore, there is a variation in +, of 89S, 
or nearly half, between the denfity of water and its elements, 
when both are in the aeriform ftate. This fa£l, however, re- 
gards bodies only as they remain in the fame flate, whether of 
folidity, liquidity, or fluidity. The anomaly is rnneh greater, 
if we contemplate them as they pafs from one ol tlieic Hales' 
to the other. Yet we muft not omit the confideration of fiich 
a change, in the inflance of mercury alloyed with jilatina ; for 
the former metal, before liquid, becomes folid a»it enters into 
the new combination. 

The fixation of A flronger prejudice will perhaps exifl againft the fixation 
mercury is a faft of fo volatile a fubflance as mercury. It is certain that the 
man>f others, of the alchemifls have thrown fome ridicule upon (his 

and ought tq fubjefly as a philofophicial purfuit. Men of fcicnce have long 
fi nee declined the refearch ; and it is not probable that we are 
indebted to experiments undertaken in the true fpirit of phi- 
lofophy, for the prefent fixation of mercury. But, the fame 
caiife which induced us to look upon the project as chimerical, 
• 4 fhould 
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fiiould difpofe us to admit it when accomplidied. Every chc'^ 

mift well knows that (imilar fixations of volatile fubtlances are 

not uncommon If an ore containing fulphur, or arfenic, or 

antimony, be gently roafted, a great part of thofe volatile bo- - 

dies is driven oflf; but, if a fufing heat be fuddenly applied, Inllanccsj the 

the mafs unites in fuch a manner that a very fmall fliarc of f”]pifjr,^arfc^ic, 

them efcapes. Mr. Hatchett has inflanced an artificial com- antimony, 

bination of gold and arfenic, from which he could not expel 

the latter metal, by any degree of heat. Yet arfenic, though 

lefs fufible, is not much lels volatile than mercury. I will alfo 

add a cafe ftill more in point; viz. the combination of arfenic 

and platina, which is not to be broken by a fufing heat. 

An example of this fadt, occurs again in water. The lique- Mercury having 
fadlion or folidification of two gafes to produce water, by a 
lofs.of caloric, never (hocks our mind) becauie it is familiar to platina, ; ay be 
us. We cannot fay what lofs of caloric may be fuftained by 

. . , , . , r 1 fitu.Jtion as ox- 

mercury, in order to unite with platina ; or how far the pre- ygen in many 

fence of the latter may contribute to expel caloric from the vi*. not 

former. We know too, that at any temperature, without the ^eie heat,^Ltd 

aid of a combuftible body, to adl as a redudive, we have not perhaps by tew 

been able to difunite the laft portions of oxygen, from the 

oxides of iron or of manganefe. Yet) in the ufual method of 

reducing a metallic oxide, the oxygen is furrounded by a much 

greater quantity of caloric than is neceflary to convert it into 

gas. Every fixation of a volatile fubfiance is analogous to the 

prefent quefiion; and they whofe minds have taken alarm 

from the novelty of the fad, may thus be familiarized with the 

necefiity of admitting it. 

But, it may be objeded, in the inilances of iron or manga- Metals may * 
nefe, oxygen is combined with a combufiible body, and re- 
tained m it by a decided and powerful affinity. There is no nity comparable 
reafon to fuppol’e that fuch an affinity may not exift among ® 

metals. We have been forced to acknowledge it, in a few • 

cafes, among the earths; and, from the profound and faga- 
cious refearches of Mr. Berthollet, we have Iparned many new 
fads, that promife us a rapid increafe of knowledge. 1 (hall 
beg leave to add a few examples, which are taken from that, 
clafs of bodies to which the fubjed of the prefent Paper be. 
longs, and (how that the metals obey the general law of mu- 
tual attradion. 


(To be concluded in our next.) 
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Invefiigation of certain Theorem.^ relating to the Figure of the 
Earth, i?j/ John Playfair, F. R. S. Edin, and Profejfor 
qf Mathematics in the Vniverfity of Edinburgh, * 

No complete rc- 1 . The obfervations which have been made to determine 
been had as^to magnilude and figure of the earth, have not hitherto led 
the figure and to refults completely fatisfa^ory. They have indeed demon*. 

ftrated the compreffion or oblatenefs of the terreftrial fpeioid, 
but they have left an uncertainty as to the quantity of that 
compretlion, extending from about the one hundred and feven- 
tieth, to the three hundred and thirtieth part of the radius of 
the equator. Between thefe two quantities, the former of 
which is nearly double of the latter, moft of the refulfs are 
placed, but in fuch a manner that ihofe beft entitled to credit 
Ennmeration. are much nearer to the leaft extreme than to the greateft. Sir 
Ifaac Newton, as is well known, fuppofing the earth to be of 
uniform denfity, alTigned for the compreffion at the poles 
nearly a mean between the two limits jud mentioned ; and it 
is probable, that, if the compreffion is lefs than this, it is owing 
to the increafe of the denfity towards the centre. Bofcovich, 
taking a mean from all the meafures of degrees, fo as to make 
the pofitive and negative errors equal, found the difference of 
the axes of the meridian = By comparing the degrees 

meafured by Father Leifganig in Germany, with eight others 
that have been meafured in different latitudes. La Lande finds 
fuppreffing the degree in Lapland, which appears to 
err in excefs, for the compreffion. La Place makes it 
yly ; Sejour and, laffly, Carouge and La Lande 
The refults of Thefe refill ts, which reduce the eccentricity of the meridians 
much lower than was once fuppofed, agree well with the 
vf\t\k the com- obfervations of the length of the pendulum made in different 
duced'fifi^iVte Were the earth a homogeneous body. Sir Ifaac 

length of the Newton demouffrated, that the diminution of gravity under 
i*^"**"' the equator would be = exprefled by the fame fra6tion 
with the compreffion at the poles. M. Clairaiilt made after* 
w'ards a very important addition to this theorem : for he 
fhewed, that, if the earth be not homogeneousi but have a 

♦ Bdinburgh Tranf. Vol. T. 

denfity 
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donfity that varies with any funflion of the diflance from the 
centre, the two fradlions, expreffing the compreflion at the 
poles, and the diminution of gravity at the equator, when 
added together, muft be of the fame amount as in the homo- 
geneous fpheroid, that is, mud be = or tyt* Now, the 
fecond pendulum is concluded, from the bed and mod recent 
obfervations, to be longer at the pole than at the equator bv 
rij» and tliis, taken from -j-tt' Jeeves 3-^^ for the com|)reiIion 
at the poles. 

2. But though yl-c* or ^onie fradion not very different from Why nor 
it, fhould be admitted tlie mod probable value of the com- s 
predion, or elliplicity, as it is called, of the terrediial fphe- better^ 
roid, it dill remains to be explained, why all the obfervations, 
conddering the care with which they have been made, do not 
agree more nearly with this conclufion. Among the caules 
that may be afligned for this inconfidency, though unavoidable 
midakes, and the imperfection of indruments, mud come in 
for a part, there can be little doubt that local irregularities in 
the direction of gratuity have had the greated (hare in producing 
it. Of thefe iriegularities, that which arifes from the altrac- Anf. — PnncU 
tion of mountains has had its exidence proved, and its (juan- 
tity, in one cafe, afcerlained, by the very accurate obferva- moimuins hive 
tions of the prefent adronomer-royal at Schehaliien in Perth- cauted eno.- m 
flu re. We may trace the operation of this caufe m many of plumb-line, 
the degrees that have been aCtually meafured. Thu'-', in the 
degree at Turin, when divided into two parts, and each edi- 
mated feparately, that which was to the north of the city, and 
pointed toward Monte Rofa, the fecond of the Alps in eleva- 
tion, and the fird perhaps in magnitude, was found greater in 
proportion than that toward the fouth, the plummet having 
been attracted by the mountain above mentioned, and the ze- 
nith made of confequence to recede toward the foutli. There 
are no doubt fltuations in which the meafurement of a fmali 
arch might, from a ^milar caufe, give the radius of curvature 
of the meridian infinite, or even negative. 

But there is another kind of local irregularity in the direction Another more 
of gravity, that may alfo have had a great effeCt in didurbing 
the accuracy of the meafurement of degrees. The irregularity 
I mean is one arifing from the unequal denfity of the materials 
under and not far from the furface of the earth ; and this caufe 
of error is formidable, not only becaufe it may go to a great 

extent. 
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extent, but becaufe there is not any vifible mark by which its 
exiftence can always be diftinguifhed. The difference be- 
tween the primary and fccondary ftrata is probably one of the 
chief circiimftances on which (his inequality depends- The 
primary ftrata, efpecially if we include among them the granite, 
may often have three times the fpecific gravity of water, 
whereas the fecondary, fuch as the marly and argillaceous, 
frequently have not more than twice the fpecific gravity of 
that fluid. Suppofe, then, that a degree is meafured in a 
country where the ftrata are all fecondary, and happens to ter- 
minate near the jundion of ihefe with the primitive or denfer 
ilrata, the line of which junction we fhall fuppofe to lie nearly 
eaft and weft; the fuperior attradion of the denfer ftrata muff 
draw the plummet toward them, and make the zenith retire 
in the oppofite diredion ; thus diminifhing the amplitude of 
the celeftial arch, and increafing, of confequence, the geode- 
tical meafure afligned to a degree. From fuppofitions, no 
way improbable, concerning the denfity and extent of fuch 
maffes of flrata, I have found, that the errors, thus produced, 
may eafily amount to ten or twelve feconds. 

3. While we continue to draw our conclufions, about the 
figure of the earth, from the meafurement of fingle degrees, 
there appears to be no way of avoiding, or even of diminifli- 
ing, the effeds of thefe errors. But if the arches meafured 
are large, and confift each of feveral degrees, though there 
Ihould be the fame error in determining their celeflial ampli- 
tudes, the effed of that error, with refped to the magnitude 
and figure of the earth, will become inconfiderable, being 
fpread out over a greater interval ; and it is, therefore, by 
the comparifon of two fuch arches that the moft accurate refult 
is likely to be obtained. But, in purfuing this method, fince 
the arches meafured cannot be treated as fmall quantities, or 
mere fluxions of the earth’s circumference, the calculation 
muft be made by rules quite different from thofc that have been 
hitherto employed. Thefe new rules are deduced from the 
following analyfis. 

4. Let the ellipfis ADBE reprefent a meridian palling 
through tlie poles D and E, and cutting the equator in 
A and B. Let C be the centre of the earth, AC, the 
radius of the equator, =; a, and DC, half the polar axis, 
= Let FG be any very fmall arch of the meridian, having 

its 
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its centre of curvature in H ; join HF, HG cutting AC in Inveftigatlon of 
K and L. Let (p be the meafure of the latitude of F, or the 
meafure of the angle AKF, exprefled, not in degrees and^urcofthe 
minutes, but in decimals of the radius I ; then the excefs 
the angle ALG above AKF, that is, the angle LHK or GHF 

will be = and therefore FG X FG^ Al/b,, if the 
elliptic arch AF z, FG = t = ? x FH, 



But FH, or the radius of curvature at F, is = 

— ^ = a* (a*’ — a* fin 4“ 

[a^ — fin 

lin ~ S as is demonftrated in the conic fedlions. There- 
fore, if c be the compreffion at the poles, or the excefs of a 
above b, b' = — 2ac + or becaufe c is fmall in com- 

parifon of a, if we reject its powers higher than the firft, b^ =z 
a* — 2ac,and FH = fP {a — 2c) (a* — a® fin + o® fin* 

^ — 2ac fin ®?) ^ z= (a — 2c) (a* — 2ac fin •?) 

But (a* — 2ac fin •?>) ^ = a ^ (1 — ^ fin *^) "" ^ 

« 3c 

= a (1 + “ fin *<P) nearly, rejecting, as before, the 

3c 

terms that involve c®, &c. Hence FH = (a — 2c) ( 1 + — 
fin’*?) = a — 2c 4- 3c fin *?. 


Now 
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Now z = ^ X FH, therefore z = ^ (a — 2c + 3c fin 

= (a — 2c)*<p + 3c $ But fin “(p = 1 there- 

2 

fore s = (a — 2c) ^ + 2.^^ _^^cQf2(p^ and taking the fluent 
2 2 

* = ^ — ^ fin 2^. To this value of z no confiant 

quantity is to be added, becaufe it vani flies when z = o. 
Therefore an arch of the meridian, extending from the 

equator to any latitude ?>, is = fl(p — fin 2p.^. 

5. This theorem is alfo eafily applied to meafure an arch of 
the meridian, intercepted between any two parallels of the 
equator. 

Thus, if MN be any arch of the meridian, the latitude of 
M, one of its extremities, and P'' that of N, its other extremity, 

we have AM = ^ ( <p'+| fin2p^^» and 

AN = + fin 2^''^. therefore thearch 

MN = a(V’ - <p’) - -((ip" - <P') +-fin 2J>" -^Qn2<P'). 

6. If, therefore, MN be an arch of feveral degrees of the 
meridian, the length of which is known by a6lual meafure- 
ment, and alfo the latitude of its two extremities M and N, 
this laft formula gives us an equation, in which a and c are 
the only unknown quantities. In the fame manner, by the 
meafurement of another arch of the meridian, an equation will 
be found, in which a and c are likewife the only unknown 
quantities. By a comparifon, therefore, of thefe two equa- 
tions, the values of a and c, that is, of the radius of the 
equator, and its excefs above half the polar axis, may be de- 
termined. 

Thus, if I be the length of an arch meafured, m the co-effi-» 
cient of a, and n of c, computed by the laft formula ; and if V 
be the length of any other arch, mf the coefficient of a, and v! of 
c, computed in the fame manner, we have wwi — «c = /, 

and m'a — n'c = l\ 

n!l — nl' m!l — mV . c m'l — ?nV 

Whence a == — ; czz —7 r - = -T 17 •’ 

;/in' 1 - mn mn — mn a nU — nV 


It 


may 
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may be ufeful, in the numerical calculation^ to obferve alfo that 
n 

7. The arch of the meridian, which wa<? meafured in Peru, Application of 
compared with that meafured in France, will atford an example arc rnclfur^ 
of the application of thefe formulas. in Peru and that 

The amplitude of the arch meafured in Peru was 3° 7' I"/" 
and its length 176940 toifes. To reduce this to the level of the 
Tea, above which it was elevated 1226 toifes, 66 toifes mutt be 
fubtra^led, and again 12 toifes added to adapt it to the mean 
temperature of the atmofphere. Thus corredted it is 176886 
toifes. The arch meafured begun 36'' north of the equator, 
and extended to the parallel of 3® 6' 25" fouth ; we (hall fup- 
pofe it to have begun under the equator, and to have extended 
to the parallel of 3® 7' a fuppoiition which can produce no 
fenfible error, and will fomewhal Amplify the calculation. 

Thus (p, in the preceding formula, is an arch of 3® 7' l" ex« 
prefled in decimals of the radius I, and fo we have “ 

.0544009, nzi .1086408, and /zz 176686. 

Again, the amplitude of the whole arch meafured in France 
from Dunkirk to Perpignan is 8® 20' and its length 
475496 toifes. The northern extremity of this arch is in lati- 
tude 51« 2' 1", and the fouthern in 42® 41'58''|. Hence 

ZZ .8907045, and :z: .7452459, and therefore m' IT 
.1454586, W'ZZ .0585735, IZZ 475496. 

/ ““ w/' 

Therefore, a zz — ; ?- ZZ 3273325 toifes; 

nm — mn 

t — — zr 10917 toifes, 

7Hn ~ f/i'n 

and — z: nearly. 

a 300 ^ 

Wherefore alfo the longer axis of the meridian is to its conju- 
gate, or a is to 5 as 300 to 299. 

This proportion agrees well with that which was already 
pointed out as the raefl probable refult, from the comparifon of 
Angle degrees, and from obfervations of the pendulum. As 
thefe concluAons are obtained by different methods, they lend • 
greatly to con Arm one another. 

8. From this too it feems highly probable, that the uncer- Probability that 
tainty which yet remains with refpedl to the true figure of ^ 

earth well ^etarmiitd 
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by mcafurcment earth will be entirely removed by the meafurement of feme 

other confiderable arches of the meridian. Such an arch will 
connderable , r • 

arcs. be furnithed by the furvey of Great Britain begun by General 

Roy, and flill continued in a flyle of accuracy fo much fuperior 
to any other fyftem of geometrical operations that has ever yet 
been executed. In drawing the conclufions from obfervations 
made with fuch exadlnefs, it may be necefl’ary to employ a 
more accurate approximation than has been done in the pre- 
ceding formula, by retaining the fecond power of c. The 
equations to be retolved will thus become of the fecond order, 
but as the unknown quantities can be nearly found by the folu- 
lion of a fimple equation, the farther approximation to their 
true values will be accompanied with no didiculty. 

Tarthcr approxU Concerning this farther approximation it may be ufeful 

mation to be howevef to remark, that if be retained, its coefficient ip the 
ihcia employed. ^ ^ ^ ^ 

formula of | 4 will V ^ * 

and therefore in the formula of § 5 it will be 

_i. 4.ii (fin - fin 4?')^ 

I6a V ^ i 


If then the quantity 


p' + (hn 


in 


computed for any arch of the meridian, be put zr and the 
fame, computed tor any other arch, be “ g', tlie equations of 
i 6 will become, 

gc® 

ma — nc + I, and 

a 

m'a — n'c 4- — zi l\ 
a 

iO. Here if we put d for the value of a, as given by the for- 
7^1 rdf 

mula ; pnd h for the value of c, as given by the for- 

7nn/ — mn 

mula alfo vfor the corredlion to be made on d, and u 

mn — 

for the corredlion to be made on h, to that a d -f- r, and 
c zi /* + tt, by fubftituting thefe values of a and c in the two 

sih + u)^ 

laft equations we have mv — nu — n 0, and 


m'u — w'h + 


g'ih + u)* 


Hence 
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Hence, rejedling all the terms that involve t;*, , or uv, we Farther approitl- 

have dmv — dnu + ZI 0, mation to be 

, , , . Tvio T then coiployei. 

and dmv — dn u + + 2g'hv ZZ 0, 

p, . . <g; .. 

icie ore, v ^ . nni‘) d (gnf — g'nj 2h* * ^ 

(dm + (dm^ -|- 2g^h) 

^ dn' ( dm -f- 2gfi ) — dn ( dm * 4" 2g'/0 

And again, by rejecting thofe terms that are fmail in com pari* 


on of the reft, v z: 


/i* r //g' “ n'g) 


% and 


d(nm — nm ) 

(gm — gmj 
d(n*m ~ W//0* 

Thus V and are found, and of confcquence d-j-*' and /t+t/, 
that is a and c, without negleding any terms that are nut 

c* 

of an order lefs than ; and when it is confidered that 

a 


a 

c* 1 

— is lefs than # it will readily be allowed that it is quite 

u 22500 ^ ^ 

unneceftary to carry the approximation farther. 

11. The fame thing that renders the comparifon of large The errors of 
arches of the meridian uleful for leflening the elfedl of errors 

ariftng from irregularities in the direction of gravity, makes it arcs, 
ferve to diminiOi the eff'edt of all the errors of the aftronomical 
obfervations at the extremities of the arches, from whatever 
caufe they arife. They are all dilfufed over a greater interval, 
and have an efte^ proportionally lefs in diminiOiing the accu- 
racy of the laft conclufton. 

12. The meafurement therefore of large arches of the meri- Extenfive fur- 
dian, efpecially if performed in diftant countries, is likely to particularly 
furnifti the beft data for afcertaining the true figure of the 

earth ; and on this account extenfive and accurate furveys, 
fuch as that above mentioned, are no lefs interefting to fcience, 
in general, than conducive to national utility. The furvey of 
this ifland, when completed, will furnifti an arch of the meri- 
dian, beginning at the fame parallel where that meafured in 
France terminates, and nearly of the fame extent, fo that the 
length of an arch of more than 1C®, or almoft a twentieth of 
the earth's circumference, will become known. The different 
portions of this arcli compared witli onr another, or vvilh the 

arch 
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arch meafared in Peru» will afford a variety of data for deteT^ 
mining the true figure of the earth. 

Obfemtions of But furveys of the kind now referred to, afford likewift 
tiTiAe mcridUn, i^^siterials from which the folution of this great geogra- 
•nd of parallels phical problem may be deduced. Thefe are chiefly of two 
of latitude. forts, viz. the magnitude of arches, either of the curves per- 
pendicular to the meridian, or of the circles parallel to the 
equator. Examples of the firft of thefe have been given by 
General Roy and Mr. Dalby ; the obfervations which follow 
are directed toward both. 

Large perpendi- 13. With refpedl to the meafurement of arches perpcndicu- 

vc**”ifficult meridian, it may be obferved, that the dire 6 lions of 

{neafurement 5 gravity at different points of fuch arches do not interfe£t one 

another at all, unlefs the diflances of thofe points from the (aid 

meridian be very fmall. On this account the meafurement of 

a large arch perpendicular to the meridian would involve in it 

confiderable difficulty ; to avoid which it is neceffary that the 

arch meafured be but fmall, or one that does not greatly ex- 

and fmall ones ceed a Angle degree. Such meafurements are of courfe ob- 

erroncous from noxious to all the errors that arife from the deflexion of the 

partial gravita- , , r 1 r ■ 

tion. plumb-line, and cannot therefore furnilh data tor determining 

the figure of the earth, equally valuable with thofe which may 
be derived from large arches of the meridian. The method 
of determining the figure of the earth, from degrees of the 
perpendicular to the meridian, is not however without its ad- 
vantages, and in certain circumftances is preferable to any 
other that proceeds by ti:e meafurement of arches equally 
fmall. This method is twofold ; as a degree of the meridian 
may be compared with a degree of the perpendicular to it in 
the fame latitude ; or two degrees perpendicular to the meri- 
dian, in different latitudes, may be compared with one an- 
other. The advantages peculiar to each will appear from the 
following invefligalion. 

To find the axes Let it be required to find the axes of an elliptical fphe- 
•f a fpheroid roid, from comparing a degree of the meridian in any latitude 
a deg.'of™thc with a degree of the curve perpendicular to the meridian in 
merid. wirlf one the fame latitude. 


of the perpend. theellipfis ADBE (Fig. on page 105) reprefent a meri- 

dian, of which a degree is meafured at F. Let the perpen- 
dicular 
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Ill 


dicular to the meridian in F meet the lefs axis DE in R. Then T# find the 

R will be the centre of curvature of the circle cutting the me- ■ fpheroid 

ridiart at right angles in F ; for at any point in that circle inde- 

finitely near to F, the direflion of the plumb-line, or ofgra-®®'!^* **"• 

vity, as it always partes through the axis DE, will cut DE in P«^P«nd. 

K ; it will therefore alfo interfeft FR in R, fo that R is the 

centre, and FR the radius, of curvature of the'perpendicular 

to the meridian. Let H be the centre of curvature of the 

meridian itfelf at F : draw FO perpendicular to DE, and let 

the latitude of F, or the angle OFR = Alfo let AC = a, 

CD =zb, and a — b z=c, as before. 

Then from the nature of the ellipfis, FO = 

rt* cof 0 , . ^ « 

and becaufe fin FRO : 1 : : FO : FR, 
v'a* col ^ hn ' 

that is, cof ^ ; 1 : ; FO ; FR, FR = 


cof *(p 6* fin ?>*: 

and this, therefore, is the radius of curvature of the fedtion of 
the fpheroid 'perpendicular to the meridian at F. But the ra- 
dius of curvature of the meridian at F, that is FH =: 

. r 

therefore 


col (in 

FR ; FH 




a* b^ 


(a^ cof -f- lin (a* cof$* -j- 6* fin 


and dividing both by 


2* we have 

(a* cof?* 


FR : FH : : a* cof?* + i* fin ?* : 6*, 

15. If then D be the length of a degree of the meridian at F 
and D^ the length of a degree of the circle at right angles to it, 

D' 

D' : D : : a* cof ?* + 5* fin ?• : 5*, and ~ = 

a* cof ?* -f 5 * fin ?* I r 4 tj 

= ^ cof ?* + fin *?. Hence 


5* 


D' fl* fl / 2L' r 

jj — fin ?* = cof ?*,and-j^ = \/ D “ . 

cof ? 

This laft formula, therefore, gives the ratio of a to 6 when 
D, D' and ? are known. 


• 16. To 
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To find the axel 
of a Ij^hcrotd 

comparing 
a deg. of the 
itierid. with one 
of the perpend. 


16. To find a and h themfelves, if m = bl ,2951 , &c. or 
the number of degrees in the radius, fo that «/D' = FR = 

-f, and fince it has been already 


(fl® cof$* + fin 
D' 

fl2 •jr — fin (J)® tt® col 

fiiewn that ZZ , or/?® iz 


col 


— — fin (f»® 


, there- 


fore mXy zz 


col 


cof 


cof 

TTiTpsETy 

1 ^. ^ 


X fin 


)■ 


-f- and a zz 


mD'cof^ /l + ^ ~ — » 

v' 


Now, I + 


O' 
D 

fin <P* 


— fin <P* 


D' 

D 


I 


D' ~ D' 

— — fin if* ~ — fill 


D , ^ 

1 - j^finf* 


mD' cof 9 

thercTore a ZZ — 

/-^finf* 

J7. This value of a is very convenient for logarlthmical cal* 
dilation ; for if fin ^ it will always b% 

lefs than 1, becaufe D' is greater than D, and therefore may be 

taken for the fine of an arch of which arch ^ L — ^ fin 

will of courfe be the cofinc, fo that aZ2 

col y 

The fame metiiod may be ufed for finding from the for- 
mula in §15. 

Ill 



^ 1 ^ 


to tHfi >t<50RE tHE B\ttU. 


Md 


In the fame manner that a has been found, we will obtain To find 
. mD'wf?* * of»^.l«roid 

*=■; — ^ fs.'sr** 


If we examine thefe formulas in the extrenle Cafes, viz, ^ 
when (p — 90*, and when ^^6, we (hail havC in the for- 


mer cafe a becaufe cof $ IT 0, and alfo zi D, fo 

that 1 — % fin *^3: Oe Here therefore a is indefinite, and 
D ' 

may be of any magnitude whatever ; and it is evident tliat this 
is the refult which die formula ought to give : becaufe at the 
pole, or when p 90®, the perpendicular to the meridian 
is itfelf a meridian, and therefore the meafurement of the two 
degrees, D and is but the fame with the meafurertjent of . 
one degree. 

When IZ 0| that -is at the equator, the circle perpendi-k 
cular to the meridian is the equator itfelf, and we have tbeit 
n zz mD\ a being determined in lliis cafe by the degree of tlie 

fi D' . . 

equator alone. Here alfo wc have — zz which is 

known to be true. 

]8. The preceding formulas may be rendered more fimple^ 
if wc aim only at an approximatioiit which indeed is all that is 
necetfary in this inquiry. Since c denotes the compreflion, or 
fince a^-^cTZib, and therefore a® — 2aczz nearly, confe-* 
qucntly the radius of curvature of the meridian at F, that is 
«* (a*- — 2ac) _ — 2r) 

— 2acfin?^)^ (I — 


3c 


[a — 2c) (1 — ^ fin ?*), or mD xs a — 2fr + 3c fin jfn 

the fame manner mD'= a + c fin From thefe equations 

we obtain#, rejedling always the higher powers of c, 

w (D'— D) m (D' — D) fin (p* 

c ss — 1-_ 1, a = mu' — ~ — ; and 

2cof<Z)» 2cot<p» 


2 cof 
— D 


Thefe formulas maybe transformed into others aJidJe more 
Convenient for computation, by putting fee inftead of 
VoL. VII. — February, ISOt. I ’ - 1 
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fin 


— T — and tan inilead of — ; we have tiien, 
col ^ col 


cr:-^(D'— D) fecip*, 

JL 

«=mD'— ^ (D' — D) tan 9* 

«“ 20^ • 


and 


19. We may apply thefe formulas to the computation of 


ExampV of. the 
compreflion de- 
duced from the &;c. froiTi the degrees of the meridian and perpendicular, mea- 
^rpend?cuJar/^ fured in the fouth of England. We find, in one example, 
{Phil, Traiif. 1105, p. 537), that D~6085I fatlioms, D'lZ 


VC^hethcr the 
magnitude of 
this rcfult may 
prove an irregu 
W figure. 


From this — n: 
a 

« 

which 


.61182, the latitude, or being zi: 30® 41'. 

D'— D 331 

2D' cof ^<p 2X61182X (cof 30® 41'')^ “ 148.4' 

is nearly the fame refult with that deduced in the paflTage jufl 
referred to. Indeed the folution of this problem,^ contained in 
(he Trigonometrical Survey, is quite unexceptionable ; and the 
theorems liere offered are not given as containing a more 
accurate folution, but one that is in fome refpedls more fimplc. 

The above compreflion, if the remarks already made be well 
founded, is much too great, being more than double of wiiat 
- was obtained from comparing the whole arch of the meridian 
meafured in France with the whole of that meafured in Peru. 
At the fame time it is right to obferve, that all the other com*^ 
pari fens of the degrees of the meridian, with thofe of the 
curve perpendicular to it, made from the obfervatinns in the 
fouth of England, agree nearly in giving the fame oblatenefs 
to the terreftrial fpheroid. For this circumftance, it is cer- 
tainly not eafy to account ; the unparalleled accuracy with 
which the whole of the meafurement has- been conduced, 
makes it in the highefi degree improbable that it arifes from 
any error ; and even if errors were to be admitted, it is not 
Ijkcly that they ibould all fall on the fame fide. The authors 
of the Trigonometrical Survey feeni w illing, therefore, to give 
lip the elliptic figure of the earth, (Ibid, p. 327) ; but before 
we abandon that very natural and Ample hypothefis, it may 
perhaps be worth while to attend to the following confi- 
ilcrations, ‘ 


20 
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&0. In the part of England^ where tho meafures we are nbw Obferirations to 
treating of have been taken, the ftrata are of chalk, and though ,>*egulaHty**pro. 
of great extent, are bordered, on all the tides that we have babiy arllet fiom 
accefs to examine^ by ftrat^ much dcnfer and more compadt. 

Toward the weft the chalk is fucceeded by limeftone, and that 
limeftone by the primitive fchiftus and granite of the weft of 
Devon (hire and of Cornwall. On the eaft we may fuppofe 
that fomething of the fame kind takes place, though the fea 
prevents us from obferving it, as the chalky and argillaceous 
beds extend in this direction to the coaft, and probably to 
fome diflance beyond it. Now the meridian of Greenwich 'the meridiai of 
may be confidered as dividing the tra6l of country, occupied ^7rs”to*dW?de a 
by thefe lighter ftrata, into two parts^ in fuch a manner, that chalk country, 
the plummet being carried to a diftance from it, either eaft or 
Weft, approaches to thedenfer ftrata, and is of courfe attraded ftrata oTlime-^^ 
by them, fo that the zenith is forced back, as it were, to the ft**'*®* fehiftus^ 
meridian of Greenwich, and does not recede from it| in the whicli* b'y^Jt- 
heavens, at fo great a rate as the plummet itfelf does, on trading the 
the earth. Hence the longitudes from this meridian, eftimated cither w”y out- 
by the arches in the heavens^ intercepted between the zenith waida, muft i«- 
and the faid meridian, will appear lefs than they ought to do ; o”/caft 

and too much fpace on the furface of the earth will of confe- ingorwefting to 
quence be afligned as the meafure of a degree. In this way c**"®^?®***! with 
D' is made too great ; and we may fuppofe the circumftances kftUl^ar*c!'^ 
fuch that D, on going north or fouth, is not enlarged in the 
D' D . 

fame proportion; hence — will be augmented, and of 


courfe - will be reprefented as too great. This explanation 

may perhaps appear very hypothetical, and it is certainly pro- 
pofed merely as a hypothefis. It is a hypothefts, too, (hat 
lays claim only to a temporary indulgence, as it is propofed 
at the very moment when it may be brought to the trial, and 
when» by a further continuation of the furvey toward thesiorth, 
it will probably be determined how far the diftribution of the 
ftrata of this country aftedts the direction of gravity. It will 
indeed be curious to remark what irregularities take place on 
advancing into the denfer ftrata of the north. The limeftone 
and fandftone ftrata of the middle part of the illand will fucceed 
to tbe chalk of the fouth, the primitive and denser ftrata ftill 

I 2 occupying 
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occupying the weft, at leaft at intervals, as in Wales, Ciriwi 
berlandf and Galloway. Further to the north, that beyomi 
the Tay, the ftrata became entirely primitive, moft of them of 
the denfeff kind, and in the interior of the iflaird, with a very 
few exeptions, continue the fame to its moft northern extre- 
mity. In the furvey of Britain, therefore, feveral fttuations 
muft occur where the plummet, paffing from lighter to denier 
ftrata, ought to give indications of fome irregularities in the 
direction of the gravitating force. It will be feen hereafter 
how far thefe conjectures are verified by experience. 

{To be continued.) ' 


IV. 


On ike Determination of r/ie Length of the Solar Year* By Mr, 
K , Winter, 

Red Croft Wharf, Londori^Bridge, 
I3th Jan, 18Q4. 


SIR, 


To Mr. NICHOLSON, 


you confider the following communication as de- 


Dctertulnatlon ShOULD 
of the length of /erving a place in your valuable Jourlfal, by inferling it yoa 
the four and ^yige 


^Bdual years. 


Your's, &c. 


R, WINTER. 


To determine the precife length of the Solar Year is an ob- 
je6l of primary utility in aftronofny, as being the bafts for af- 
cerlaining the periods of all the moving bodies in the univerfe. 

Various and accurate methods have been given for deter- 
mining this period; but as the following unites ftmplicity, tx> 
the advanced ftate of fcience, thefe charadters may render it 
worthy of your conftderation. 

Given, the time and place of the fun in the ecliptic, and the 
time of its returning to the fame place; the obl^Ujty of 'the 
ecliptic for theprefent time, together with the decreafe there** 
of, per year, to find the length of the Tolar year. 

According to Ptolemyi the place^ of the fun was Sagittariea 
sy® 22' 5(y'iinno. 130, Dec. 13th. ll'*- SS- W (reducej‘ to 

tbt 
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tlie meridian of London,) its return to that place in 180 V ac‘* 
€ordit)g to Mayers tables improved, is Dec. 13th. O'** 19"'* 36* 
the interval, (allowing for biflextiles, 8cc.) is 61 1416®; 

40”’ which divided by 1674, the number uf years, gives 
3()3®* 49“* 42^ Now the obliquity of the ecliptic, as ob« 

ftTved by Cadini in 1655, andFlamdead in 1689, being com- 
pared with that obferved by Hornfby in 1772, Maflcelyne in 
1769, Bradley in 1750, and Mayer in 1756, and a mean of 
their obfervations taken, will give for the decreafe of the ob- 
liquity of the ecliptic 59* per century, or 35 '."4 per year. Ac- 
cording to thefe calculations the obliquity of the ecliptic for 
1 80 V will be about 23® 27 '49''; then as the fun moves over this 
fpace in one quarter of a year, fay as 23® 27' 49'' is to J of the 
given year, fo is the decreafe of the obliquity of the ecliptic 
per year 35'"4 unto 55", which taken from 365®* 5*'* 49“* 42* 
gives for the length of the folar year 363®* 5^ 48“* 47*‘and the 
time the fun moves over the proceffion of the equinoxes is 20 
minutes 27 feconds, which being added to the folar year will 
•give 363®* 6^* 9“- 14*‘ for the length of the iidereal year. 

But by afluming iof the year thus found, and working as 
before, it will give the length of the year more accurately. 


V. 


EitraBs from a Letter of R, Chenevix, Efq* F,R.S, from 
Drefden, 4o Charles Hatchett, Ifj. F, R, S. containing Irfor^ 
maiion refpe^ng the new Metal contained in Crude Flatina ; 

Beet Sugar ; the non^exijience of Agufiile as a peculiar Earth; 
and a Defcription of a new Furnace for Chemical Operations, 
Communicated by C. Hatchett, 

I SUPPOSE you have heard of the new metal contained in 
raw platina. Here is what Berthollet has jutt written to me 
upon the fabje^: ^ , 

** Des Coftils didblves raw platina in nitro-muriatic acid, 
and precipitates it by muriate of ammonia at feveral times; 
the firfl portions are yellow, the laft redder. He reduces the 
red |)tecipitate, and obtains an alloy. He expofes thts alloy to 
a current of oxygen, and a blue oxide is volatilized ; pure 
platina remains behind. ' The blue fublimate is the oxide of his 

new 
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new metal; on the fame day Fourcroy and Vauquelin read 
tlicir paper at the Jnftitute, and mentioned iiinilar experi^ 
ments/^ 

Pailadittm afTert- Van Mons writes me word that at Paris they fay that it is 
of the^ncw meu^i platina, but this new metal, which with mercury compofes 

with mcrpuiy, palladium; but that has v^^y little to fay to the purpofe, for the 
lingular thing in palladium is, not what regards pl^tina, but 
what regards mercury, and the fufibility of the combination. 
Befides there mud have been platina in my palladium, as 1 
look the mntAl reduced from the red and yellow falls indifcri* 
i?)inalely. 


Martufa^ure of Lampadius tells me that he has made feveral hundred weight 
Lam^adhi fugarfrom the red beet; but the manufaftory he eftablifhed 

^ * has failed. It cod him within two gros per lb. as much as the 

common fugarof equal quality, but then he l^d a refiduum 
for fermentation, which was clear profit. 


Agui^ilels 
merely phof- 
of lime. 


Muiiatic foIu<> 
tion of Saxon 
beryl prccip. by 
amm. gave phof. 
of lime. Tills 
wag decompofed 
by fulph. acid ; 
and the purified 
phofphorjQ acid 
reduced to ac • 
Ual phofphorus. 


I had made fome progrefs in the anal} (is of the Saxon beryl, 
when. I received a letter from Berthollet, in which he told me 
that Vauquelin had found the agudite to be nothing inore than 
phofphate of lime. 1 continued my experiments however, 
and obtained the following refults. Having boiled muriatic 
acid upon the pulverized inafs which contains the Saxon beryl, 
1 obtained a folulion of the pretended agudite. 1 precipitated 
by amnqonia, and, upon examining the precipitate, found it 
to be phofphate of lime. To have no doubt as to tlie phofpho-: 
ric acid, 1 treated 1^00 grains of this precipitate with half 
its weight of fulph uric acid, wadied the mafs, and evaporated 
to drynefs. I re-diffolved as mpeh as was foluble In didillcd 
water, and faturated^the liquor by ammonia. By evaporating 
once more, 1 obtained phofphate of ammonia, which 1 de- 
compofed at a drong red heat, and obtained phofpboric acid, 
which gave no trace of folphuric any other acid, or of any 
earth, alkali^ or metal. I mixed this with pounded cbarcoaJi 
and by didillalion in a drong fire obtained a conilderable quan< 
tity of phofphorua. Thus then the fimple earth o£ Mons^ 
^foqifdorf is phofphate of lime. 


I have 
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I have conftrudted a wind furnacje here, which is in feme re- 
f|)e^8 to be preferred to the ufual form. The tides, inthead of of a cone, nar- 
being perpendicular, are inverted, fo that the hollowfp^ce is py- 
ramidical. At the bottom the opening is thirteen inches fquare, cage^is that 

and at the top but eight. The per- fueideftendi 
pendicular height is 17 ij^ches. 

This form appears to me to unite 
the following advantages, iti. A 
great furtiice is expofed to the air a 
which, having an eafy entrance, 
rufhes through the fuel with great 
rapidity. 2d. The inclined tides 
aft in fomemeafure as reverberating 
furfaces: And 3d. The fuel falls of 
itfeif, and is always in clofe con- 
tact with the crucible, placed near 
the grate. This I believe to be the principal advantage. The 
late Dr. Kennedy of Edinburgh, whofe opinion, on this fubjedt 
claims the greateft weight, found that the tirongeft heat in our 
common wind furnaces was within two or three inches of the 
grate. That therefore is the moti advantageous pofition for 
the crucible, and tiill more fo when we can keep it furrounded 
with fuel. It is inconvenient and dangerous for the crucible 
to ilir the tire often to make the fuel fail, and the pyramidical 
form renders this unnecetiary. It is alfo more eafy to avoid a 
fudden bend in the chimney by the upper part of the furnace 
advancing as in this contirudion. a is a grate; c and c are 
two bricks, which 1 can let in at pleafure to diminifh the ca<p 
pacity ; b is another grate, which I can place upon the bricks 
c and c for fmallqr purpofes ; d and d are bricks which I can 
place upon the grate b to diminifli the upper capacity, fo that 
in fad 1 have four different tizes in the fame furnace. 1 have 
had fome very llrong tires in ufing the whole capacity from the 
grate a to the top e without the bricks c and c ; but 1 am at a 
lofs for our good Englitii coaks. The bricks have all been 
ground down to the Hope of the furnace and fit in with toler- 
able accuracy. They are totally independent of the pyrami* * 

4ic^l forpi, ^c. of the furnace. 
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DAfitASCUS SWORD BLADES. 


On Avord bliides 
in general. 
Quality too 
often defcAivc. 


Experiment. 
$>ceel and iron 
bars were welded 
together. 


Forged out. 


Twifted, flat- 
tened, again 
welded and ham* 
inered flat. 


An edge of fteel 
was welded into 
a b.i'. k ft the 
compound. * 


4ocount an Experiment to imitate ' the Damafeus Sword Blades, 

In a Letter fro7n Mr, James Stodart. 

To Mr. NICHOl^SON, 

Dear Sir, 

rJHlAVING lately had an opportunity of examining feme 
fword blades, which appeared to be defective, I was induced 
to make the following experiment. The fubjefl is furely of 
feme importance, and perhaps never more fo than at the pre- 
fent moment. We hear of fwords having broken in battle, 
and we can hardly imagine a more diftreffing circumftance, 
Thofe which I have feen are certainly in no danger of failing in 
that way, for on the contrary they are evidently too folt, and 
confequently cannot form a good cutting edge. I am not ac- 
quainted with the procefs ufed in making fword blades, but 
am inclined tp furpe<5t that the price allow’ed is not ecpial to 
the labour neceflary to form a good inflrument. The following 
^method, which I believe to be nearly the fame as that praflifed 
at Damafcusi but w^hich I furpeft would be loo difficult and 
expenlive for general application, may perhaps lead to foine 
more fimple method of accomplifliing the defired purpofe. I 
took fix finall bars of good malleable iron, and the fame number 
of flieer fteel, and laid them one on another alternately, as if 
forming a galvanic pile; I then with the affiftance of an expert 
workman, cqmmitted them to a clean forge fire, and with 
care we fucceedeci in welding 4hera into a folid lump. This 
was forged into a ftout flat plate, which being heated to white- 
nefs, was by means of ftrong tongs twifted fpifally until it 
formed a cylindrical tube. In this twifted ftate it was heated^ 
hammered flat, and again welded, and after being forged into 
B convenient form and fubftance, was doubled throughout its 
whole length, foniewhat in the manner of the back of a faw. 
1 A flip of good fteel was inferted, and another welding heat 
taken, which confolidated the whole mafs. I ticed not fay 
this flip of fteel was intended for our edge. The remaining 
of the procefs was Ample ; it confifled only in forging it mtO 
the (hape of the blade we wanted; which on examination 
proved perfe^Iy found in every part. Being eager to wilnefs 
fome proofs gf excellence and beRut^ which m^-expt Elation 

M 



DAMASCUS SWORD BLADES. 
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had anticipated, I too hatlily and without due con fide rat ion 

proceeded to harden it by healing and quenching in Water; 

and had ihe misfortune to fee it cracking in feven or eight dif» Itcr*c’ced itx 

ferent places. I have no doubt this wasoccafioned by the un- 

equal cKpanfion and fabfecjuent contra£lion of the difierent 

parts of the mafs. In iny next trial 1 (liall guard againfi this 

accident. Enough however remained found to prove it both — promifes* 

good and braiitiluJ; the edge bears the fevere ft trials at the well. 

fame time that the whole blade has fufficient tenacity. I have 

poli filed a part of it, and by applying a weak acid, produced 

an appearance, wliich though by no means equal to the beauty 

of what is called the Daraafcus water, leaves me little reafon The Damafeun 

to doubt of accorn pi i filing that appearance in my next trial, water, 

My intention is to mftiliply my pieces of metal, to repeat the 
procefs of twifting, and certainly not again to quench in water, 

I (hall take the liberty to tranfinit to you an exadt account of 
my next experiment, and if fuccef>ful, to accoinpa^ny it with 
a fample of the metal formed into a blade of fome kind or an* 
oilier. I am with much refpcdl. 


Strand, Jan, \9ihy ISOi. 


Dear Sir, 

Your obedient fervant, 

J. STODART. 


P. S, Why is the appearance produced on Damafeus fteel Inquiries con- 
bv the application of an acid called the water? Is it not 

j I ( IJsnfi&rcus wstev 

ferent degrees of oxidation ? * and what is the acid beft fitted upon fteel, 

to produce this appearance. I had a paper given me fome ten 
years ago on this fubjc6l, by a gentleman whofe name I do not 
know. Unfortunately I have mifiaid it. 

In addition to what you have publifiied on thefubject in your 
valuable Journal, pray furnifii us with any other fadts that may 
have come to your knowledge 15 nee that period. The fiibjeci 
appears to me to be worthy of philofophical rcfearch, and 
perhaps of national encouragement. 

* I have always fuppofed fteel to be lefs readily foluble than pure 
tron; and that the carbon which is feen on the face of the former * 
during the procefs of damafleing, defends it fi om the acid, while the 
fibres of iron are etched by corrofion fo as to exhibit the peculiar 
V^iving lines of this operation. N* 
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Letter frmiv a Correjpondent on the Effects qf Thunder on ferments 
ing Liquids: the Chenpical Action of Sound, and Tremulous 
flf(ftionx, with other Ohjkrvatiom, 

Nezucajlk, Dec, 16, 1803, 
To Mr. NICHOLSON. 

SIR, 


Conversation is certainly one of the moil defirable 

means for the increafe and diflemi nation of knowledge, whatr 
ever defcription it may be of, and if the following remarks, 
arifing from an accidental con verfation with a fcientific friend, 
be not altogether unworthy of your notice, you may make 
what ufeof them you think proper; and if thought worthy of 
being prefented to the public, you are at liberty to make any 
necetfary alteration in the Ailc that will render them more wor- 
|:hy of the honour I folicif. 

Changes pro* obferved, fo often indeed, that it has almoft be- 

iiuced in beer come a popular remark, that the noife of thunder produces a 

thundc”^**” furprifing change on beer, and on cream ; the firft becoming 
four, and the lafi rancid, when they arc agitated by this extra- 
Suppofed pre- ordinary found. It has alfo been obferved, I believe, that the 
ventadyerc- effe6ts of thunder on malt liquors may be prevented by laying 

nied). ^ calk, at each end of which, a (lone, or other 

bard and ponderous iubHaticc is fufpended and kept in conta£c 
with theout6de of the velTel containing the liquid liable to be 
aiTe^led by this kind of noife. 

The cffca fup. Now we may be able to form Tome judgment of the manner 
pofed to arife in which ihefe liquids are affected, by attending to the treinu- 
motion produced on tliofe glaflcs called tinging and mufi- 
cal glafles, when the furface of the Hr ft is agitated by the breath ; 
and the liquid in the laft by the vibration produced by the Hnger 
drawn along the rim of the glafs, which varies jn its tone h\ 
proportion to the quantity of liquid it contains. |n the courlo 
of the tone or found, if the glafs Ipe prefted with the Hnger, the 
found either ceafes or is conHderably diminifbed, and upon ap- 
plication of the Hnger at the commencement of the found it 
will be evidently felt that both the glafs and the liquid are ii) a 
ftate of agitation, and that this agitation ceafes or ftops when 
the agitated body is touched by another in a (juiefeent ftate. 

This 


Svppofcd pre 
ventadye re- 
ined). 


The effect fup^ 
pofed to arife 
from tremulous 
adion. 
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This tremor, fo communicated, may in my opinion be the Which may 
commencement of that infenfible or rather imperceptible agi- 
lation necelTary to the produAion of the different tlates of fer- the fenneAcadre 
mentation, which w^hen once began, may be continued, pro- 
vided the circuiptlances of temperature, &c, be equally fa- 
vourable as at firft. Now we perceive that this motion is pro- 
duced by found; ^ and a fonorous body lofes this vibration on 
being touched, and the found itfelf of courfe ceafes. In like 
manner the inteftine motion arifing from the vibration occaiion- 
ed by the noife of thunder, being prevented from taking place 
by the contadl of the fufpended ilones with the Tides of the 
catk, the enfuing fermentation cannot commence, and the beer 
is preferved from running into the acetous fermentation. 

This infenfible motion is alfo neceffary to alflfl the abforb- 
tion of oxygen, without which neither beer can grow four, 
nor can cream become rancid ; for violent agitation will not 
produce the like effed even though accompanied or aflifted 
with the neceffary increafe of temperature. 

It was alfo obferved by the gentleman vyith whom I was con- Dccotnpofitioii 
verfing on this fubjed, that butter by being overmuch waflied <>1^ water or air 
or wrought in water Jofes conTiderably of its yellow colour, 
and acquires in a great meafure the palenefs and confiftence of 
tallow. It might be worth while to make fome experiments 
in this way, how far animal oils or fat are capable of decom* 
poling atmofpheric air or water. The circumftanccs necef- 
fary to determine the mutual change on each, are agitation, and 
a frequent change of furface. The abforption of oxygen 
would take place in both cafes, the refiduum of atmorpheric 
air being azotic gas, and that of water hydrogen gas. I had * 

found by experiments, and that fome time before I faw the 
circumfiance publicly noticed, I may fay, even before the new 
theory of chemifiry was promulgated, that the union between Rancid oils com* 
mercury and the fat with which it was combined in the com- 
polition of the ointment, became much more intimate and 
per fed on being kept for fome time, and that the rancidity, 
which I thought arofe from the developement of fome peculiar 
acid, was prevented from becoming feniible by that acid being 
abforbed by the, metal. From this circum (lance, and from this 
({^jppofition, 1 was led contrary to the diredious and commands 


of* 


1 mean among othfr caqfcs producing it. 



l!z^ EleCTRICAL MACHINK. 

of the Royal College of Pbyficians, to ufe a Ultle rancid fat 
or oil, in order to facilitate my labour and favour my indolence, 
and I was agreeably furprifed at my fuccefs. The College 
order the pu reft and fweeteft fat to be ufed; nevcrthelefs the 
ntmoft diligence and care in rubbing the mercury with it does 
not produce fuch an accurate combination at firft as is accom* 
plifhed, after being let by for a week or two, and this my be 
made evident by comparing two fpecimens of ointment made 
widi equal care and diligence, the one being quite recently 
fi nidged, and fhe other having afterwards been kept undifturbed 
for two or three weeks. — I merely offer Ihefe hints for the con- 
flderation of wifer heads than mine, andfliould they with this 
view be honoured with a place in your* valuable repofitory, 
jour indulgence will be moft rerpedfully acknowledged by 

Sir, 

Yours, &c. 

NORTHUMBRIENSJSL 


vm. 


Iwprotrwcntef the Eh Brical Machine, chiifymlh reJpvB: to the 
Rubbers; by Air. Wolff, qf Hanover 


Dcfcnption of 
the machine. 

Tl^e plate. 


LY ek^lrical apparatus is a plate machine, conflru6led on 
the plan of that deferibed by Van-Marum f , with a few flight 
alterations, which are principally in the rubbers. The plate 
is eighteen inches in diameter, and the piece of wood, which 
receives the ferewthat faftens the plate to the axis, is an inch 
and half in diameter. The rubbers (at the extremities of 
Which, toward the axis, are flicks of black fealing-w^ax, 
rounded at each tuid, and overhanging or proje6ting on three 
fides) are in contadl with the glafs for the length of 5| inches. 
Confequently the diflance from the circular or central piece 
of wood to the rubbers is 2 \ inches, to w^hich extent the plate 


e From Gilbert’s Annalen der Pbyfick, 1802, No. 13. p; 601# 

+ Obfinviftions jkr la Ebji/ique^ Vol. 38. p. 437. or PhiJo&pbicd 
Journal, 4to. Serier, No. 

^4 ^ is 
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(• coated on both fides with a fufficient thicknefi? of varnift 

The bow of the condu6tor| which coniids of a ball fix 

in diameteri to which is added a moveable tube with feveral 

fitting pieces that terminate in balls of different fizes, had at 

firft, at each of its extremiticsg as in Van-Marum’s machine, 

a brafs c^rlinder three inches long and one inch thick, with 

an liemifphere at each end. But as conduftorsof this con- 

Aru6tion are liable to di^t harge themfelves, on account of the 

fmali diameter of their hemifpheres, even before they have 

received their full charge, I have preferred pulling one braf* 

ball three inches in diameter on, the upper end of the fuperior 

condu6lor ; and another On the lower end of the inferior con- 

dudior. Thefe balls like wife ferve the purpofe of colle6ling 

the' fluid excited at the extreme parts ; for the balls, both 

above and below^ projefl conliderably beyond the thick nefs 

of the plate^ and prevent the efcape of the fluid as much as U 

poffiblc, particularly in a machine Icfs high in proportion than 

that of Van-Marum. The condu61or is only 4| inches diflanl^ 

from the table, confequently only half the diftance of Van- 

Marumi ; yet the Ouid does not efcape, till the condu£lor is 

overcharged. The efobpe of the fluid is prevented iikewife Thf efcape ot 

by an infulating fquare of glafs 42 inches, made rough and 

coated with copal varnifli, which is placed on the table beneath on the table be- 

fhe lower condudtor, its three fliort feet being let into ih© 

table. This (quare of glafs may be ufed on I'everal occaiions 

as an infulating fiand. ^ 

The four rubbers are made of dry walnut wood foaked in The rubber's 
amber varnifli, and are 5|- inches long. If broad, and a little 
more than I of an inch thick. The metallic plate that com- 
municates with the leather covered with amalgam, is only an '' 

1 1 inch broad, and is fixed externally to the centre of the piece 
of wood. The rubbers arc prefled toward the glafs by means of 
a fpring. They are covered with a piece of thick woollen^ 
upon which is a piece of fine neat's leather. After the leather 
is faftened to the w^ood, it is wetted, and preffed between 

• This varnifli is compofed of copal, two ounces ; gum fanda- Amber vsrnifh 
rac, one ounce; white amber, one ounce; olibanum, half an for boating the 
ounce ; powdered and diflblved in one pound of alcohol by digef- 
tion in a glafs matras. Wh^ the tolution is perfectly cold, it is 
paflpd through the filter. , 

tw© 
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two boards, where it is kept till it is again drf. Thus it U 
rendered very flat, and its edge very fliarp, and all its parts 
will apply to the forface of the glafs. This piece of leather 
is covered with another a little broader, the rough furface of 
which is towards the glafs^ and its lower edge on the^de to-^ 
wards which the plate moves ; and its upper edge on the 
other fide from which the plate moves, being likewife very 
fliarp. The piece of filk is applied with accuracy to this 
leather. Before it is faflened on, it is heatedi and befmeared 
firfl with butter of cacao, then with a large quantity of Kien- 
, mayor's amalgam * ; and after it is faflened on, it is compreffed 
in conjunction with the wood, or prefled flrongly againfl the 
machine. The leather is next covered with amber varnifh, 
amalgam is fpread over this, and after the varnifb is dry, it is 
fmoothed with a burnifher. This is repeated feveral times. 
The whole being very dry, and the rubber being prefled fo as 
to touch the glafs in all points, the leather coated with amal* 
The rubber gam is covered with a piece of fine white paper, as long as 

covered with the leather, and half an inch broader, fo as to cover the feam 

that fattens the filk to the leather, and the paper is fattened 
to the wood above or below, accordingly as it is on the afeend* 
ing or defeending fide of the plate. 

What led to paper is known to be capable of acquiring a high ftalc 

this. of . electricity, which induced me to try this fubttance as an 

Its advantages, immediate rubber. The following are the advantages, that 
by my experiments, repealed and varied in a great number 
of way?, 1 have found paper employed as a rubber to poflefs 
over every other known fubttance. 

The gbfs not The glafs is not rendered dull by the friCtion, as happens 

rendered dull, at length, and by frequent ufing, when it is in immediate 
contad with the amalgam. 

docs not become 2. By the immediate contaCt of the amalgam, the glafs fre-^ 
ftiwky, quently contracts ftreaks here and there, that occafion a 
circulation of the fluid. This cannot take place in the con-^ 
ttruCtion I propofe. 

and neither It 3. Neither the glafs nor the filk can be foiled. It is well 
Med'^^Clcab cleannefs of the glafs, as well as of the 

nets ojf the whole rubber and the whole machine in genera), is of importance in 
machine ad- 
vantageous. « I add to this amalgam as much filver, as the mercury caa dif^ 
folve in conjunction with the zinc. 

3 producing 
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jiroducing an intenfe degree of eledricity. If Is trutS^ that 

it has been propofed to apply the amalgam to the glaf^^ ^ 

dead of the rubbers ; but the greater eifed, that fecms to be therubter&aM 

produced by this laft methodi h only apparent, and confids 

entirely in the circulation of the fluid on the glafs, while far 

from exciting or accumulating more of the fluid, this procefs 

and the circulation difperfe it. 

4. The amalgam on the leather does not require to be fre- The amalgam 

quently renewed. The duft of the amalgam^ that is depolited rcucwT 

on the edges of the paper, is injurious only when accumulated ing. 

tiiere in Cufficient quantity to be conveyed to the glafs, from 
which however it may eafily be removed. 

5. The return and paflage of fparks to the rubbers are The return and 

rendered more difficult, as the paper fufficiently covers the JoThe^rubSet*'* 
borders of the rubbers, that are turned toward the axis. luorediAculu 

6. In my conflruftion the rubbers may be larger than in the The rubbers 

ufual way, and in reality they are larger in proportion in my iongcr- 
machine than in Van-Marum*s. No fpark paifes the axis, Sparks do not 
unlefs the air be very damp ; for the fluid, in cafe of a ftrong ***** 

accumulation, flies in preference to the oppoflte rubber over 

a quarter of the periphery of the glafs. 1 am perfiiaded, that, 
by adopting my conftruclion, the rubbers of a plate of 32 
inches, fuch as Van-Marum's is, may be eleven inches in- 
ftead of nine, in which cafe there would ftill be two inche*s 
for the diameter of the piece of wood that faflens the plate 
to the axis, and three inches for the difiance from this piece 
to the rubbers; which 1 think would be fufficient in thefc 
circumflances ; and the friction being on a larger furface of 
the plate, the effefi mufi naturally be much greater. I fliall 
try this alteration of the rubbers on large plates of Bohemian 
glafs, as well as on Englifti cylinders of 1 3 inches diameter, 
and 21 inches long. Therefult I have already obtained with 
a fmall cylinder gives me reafon to hope much more complete 
fuccefs with a large one. 

7. With my rubbers the friciion may be rendered much The fnaion 
greater, than with thofe the amalgam of which ts in immediate much greater 
contact with the glafs, and foils it; befidcs, the plate turns and uniform, 
with an uniform friction. 

8. The a^ivity of the machine is extraordinarily increafed 

by this eonflru^ioD. The greater freedom with which the traordinu-ily in- 
* * plate creafed, and 

irhy. . 
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I^lalc movei/^even/ii^l^er si^gre^ prelSire, be pa|ier^ 
preventing the gletii from being (biled^ would.be fufScieet to 
produce this efie^; even if the greater preiTure alcme.did 
not occafion a more powerful eiFe6t than can be obtained 
from common machines. 


IX. 


** On the Cultivation of the Snnflozver^ and its Advantaffss ** 

mnmm'^rdto fandower, helianihus annuus L. is faid to have bpen 

cjiiivators. brought to Europe from Peru. There aie two fpecies, one 
^ annual/ the other perennial: of ihefe the latter is only orpa-* 

incMUaU but the annual is of fuch ufe in agriculture^ that it 
defcrves to be made known to our readers. 


Scdds^ 

h'Sve two va- 
lietfU, 


The feeds are white, gray, or blackiQi ; but this difference 
of colour is entirely accidental, as feeds of either colour pro- 
duce tiie others reciprocally.' There are two varieties, how- 
ever, that appear to me permanent, the funflower with a 
fingle fiem, and that with a branchy idem, which is lefa 
common. 

JWethod of cul- fhould be fowed in fpring, when nothing is to be 

tiVacioii. apprehended from the froft, that would deftroy the young 
plants. The ground (liould be well broken and manured, if 
}ou would have an abundant crop. You may fow broadcafi, 
and afterward thin the plants; but it is better to dibble the 
Jted, placing two in a hole, the holes a foot dlftant, and the 
rows two feet afunder. If both feeds germinate, the weaker 
plant Ihould be pulled up. The plants fliould be weeded, and 
the earth dug up between the rows at a proper time. The 
height of the plant will be from fix to nine feet: the flalks are 
large, feme of them being feven or eight in^es in circum- 
ference near the ground. It flow ers in July ^ Auguft, and 
the feeds are ripe in Autumn, at the fame time with Indian 
Hairty feafons com. iHainy feafons deftroy marty of the plants : the foot of 
bad. • the ftalk rots in the ground, the leaves fuddenly dry up, thd 
ftalk breaks of at the root, and the plant dies. A few funlhiny 
days ftop the progrefs of this dlfafter, 

♦ La Decide Phih/ophi^ue, No. 26. June, 1803. p, 607. 



HEW ll43LTi 


• m 

'The ledvea ihE funAower (ttrJii&rftbEOc|anci& of agreeable 
Ibdder for cattle z they are gathered in fuQceOion without any ** * 

perceptible injury to the plant ; and after this crop of ex- ** 

tellent fodder, you may expe6t another of feeds that is very 
abundant. ’ Some llalks afford isot lefs than, ten ihoufand. The MoH* of Esther# 
beft mode of gathering them is to cut the flower lialks, and, 
as the calyx is very thick, to hang them up in an airy place, 
that they may dry fpeedily. 

When they are m flower bees flock to them from all quarters Beps fond of tha 

_ , iloMiers. 

to gather honey. 

The feed is rather farinaceous than oily, wliich they who The Jeed >ffbrdi 
have attempted to exprefs oil from them did^not confider. llquintlueu 
is true, that oil may be extracted from them, but in quantities 
too fmall td make it worth while to cultivate the plant for this 
purpofe. 

But if the feeds of the fubflance be incapable of affording 2°°^ ^**|**/Xc 
oil with advantage, they are valtib^le for feeding animals *P»P**» 
commonly kept in the cpuntry. They are perfedlly well 
failed to (lieep, pigs, and other animals ; but they produce a particularly for 
more flriking cfle€l on poultry. For thcfe no food is more 
li table, or occafions them to lay more eggss. laying. 

The dry ftalks burn well, and afford very good allies for 
lyc, becaufe they contain a great deal of alkali. In fliort, much alkalu 
from the eafe with which it is cultivated, the abundance of 
its produce, and the change it makes in crops, the funfluwer 
may be confidered as a new fource of wealth to the farmer. 


X: 


Chemical Examination of a new Vegetable Salt, and of a new 
Acid difcovered in it : ty Kl a pr oth *. 

HE vegetable production, which forms the fubje^t of the mates 
prefent examination, affords a frefli proof, that hot climates 
have not only a great influence on the elaboration and par-cold^ and create 
ticular modification of a great number of vegetable fub- 
(lances, but that they caufe produdtions to be formed, the • 
lead veflige of which is not to be found in the fame plants in 
the northern regions. 

^ AUegemeines Jeumal der Cbmie^ 1803*. No. 55. f. 

Vox., Vn.«-*FtBRUART, 1804 . K This , 
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^ produ6tion confillsof a faline mafr, excluded frotw £li^ 
fninkof a mul- trunk of the White mulberry, morus alba L, which was obferv-' 
berry tree in cd ail’d gathered by Mr. Thompfon, in the botanical garden 
Siaiy. Palermo. 

External charac- faline mafs in its native fait, as found oft the furface 

of the bark, has the appearance of a coating in little gramulous 
drops of a yellowifli and blackifli brown. The fubdance of 
the bark is equally penetrated with this fait. 

The firft property by which it is ditlingu idled is its taftc, 
which comes neareft to that of the fuccinic acid. 

Eflfeft of heat. Gn burning coals this fait fwells up llightly, emiting a vapour 
fcarcely perceptible to the eye, but irritating the organ of 
fmell, and leaves a dight earthy redduuro. 

Lixiviatlon To feparate the fait, fix hundred grains of bark loaded 

p^^fal* were cut off, and lixiviated with a fulhcient quantity 
radiating icedl?s; of water. Thc lixivium, which was of a brownidi red colour 
not deliquefeent. filtered, and evaporated for cryflallization ; when three 
hundred and twenty grains of a light felt were obtained, re- 
fdinhling in colour a pale wood, and compofed of diort needles 
united in radii, and not atlrading the inoidure of the air. 

Little folublein Though tliefe cryftals do not form till the lixivium is greatly 
condenCed by evaporation, the fait, nevertbelefs, belongs to 
bic. . the clafs of thofe that are little folublb ; for 1000 parts of water 

dillvilve only 35 parts with heat, and 15 parts cold. 

Contiinsno foluliori of this felt w'as not rendered luibid by the 

fulphuric acid. ^ the water of barytes, which proves, that it contains 

^Limc prmpltat- no lulphuric acid. The alcalinule carbonates precipitate 
from it, an earth of a brown wood colour, w hich by a flight 
, heat is calcined to whitenefs. This earth diflblves with efier- 

vefcencc in nitric acid, and was precipitated from this folu- 
tion in the form of fulphate of lime by means of fulphuric 
acid ; and, in that of oxalate of lime by oxalic acid. 

Precipitates ^ The lolution of the fait readily precipitates acetite of lead, 
and^nitr^tc*^of* precipitate formed is reduced on burning coals. The 

filvcrand mcr- nitrate of fdver was precipitated by it in a pale brow'is, light, 
and (Inning fcales, and (lie nitrate of mercury in whilifli 

docks. 

Hence it con-* Tlrefe experiments indicate, that the fait in queflioft a 
r'pTculhVv'^'^ neutral fait, compofed of lime and a peculiar vegetable aCidl 
ga>b> acid, and This acid, however, was combined with an exfra6livc matter, 
cxKittivc mat- vvliich rendered the precipitates, that ptherwife w^ould haVe 
been white, either of a deep or pale wood colour* 

Fifty 


Little foluble In 
vatcr, though 
iborvcf) xtalliza- 
blc. . 


Contiins no 
fiilphuric acid. 


Precipitates 
acetite of lead, 
and nitrate of 
filver and mcr- 
ctry. 


Hence it con- 
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fifty grains of the calcareous fait were heated to incah-By itrong h«it 
defeence, in a retort communicating with the 
dbeihical mercurial apparatus^ and twelve cubic inches of gates, — 
Jiidrogen gas mingled with carbonic gas were Obtaitied; that 
burnt with a ftrong flame. The bulb of the neck of the re- 
tort contained an acid liquor, on which fwam a fluid brown «« «cid liquor* 
dil, both together weighing feven or eight grains* The re-®"!^* 
fiduum in the retort confided of a fpongy conglobulated mafs having a fpungy 
of a pale brown colour, interfperfed with coally 

and diffolved in nitric acid with eifervefcence. This folution, and a carbona- 
being Altered, was precipitated with carbonate of ammonia ; 
when 21 grains of carbonate of lime were feparated. The 
coally matter that remained on the filter was very light, weigh* 
cd four grains and half, and burned on a left, leaving a re* 
fiduum of a quarter of' a grain of calcareous earth. 

Another portion of the calcareous fait was precipitated by carbonate of 
carbonate of ammonia, and the liquid remaiaing was eva- f^iong”flcndVr**^ 
porated by a gentle heat to cryftaliize it, when it furnilhed a prifms wasob- 
fall in long and flender prifins. tamed. 

The liquor left, after the cryftals were feparated, was ex- The remaming 
a mined by feveral metallic re-agents. The folu lions of filver, ea'^v^rfousme*-* 
mercury, copper, iron, cobalt, and uranite in nitric acid* taUk folutions, 
and ihofe of lead and iron in acetic acid, were powerfully 
j>recipilated by it. The precipitate of copper was of the 
colour of verdigris ; that of cobalt of a pale reddifh colour ; 
that of uranite of a yellowilh colour; that of iron of a dull 
brown ; and ihofe of filver, mercury, and lead, of a bright 
brown wood colour. 

The fame liquor was rendered flightly turbid after a time -And the re- 
by the water and acetite of barytes, the muriate of tin and ow*iiig’to the *** 
gold, and the nitrate of nickel ; but thefe precipitations might extraftlvc mar- 
be the effect of the extractive matter, that adhered to the ^YghUy u?bid^ 
acid, rather than of a combination of this witli the metallic 


oxides. 

1 ihall proceed to the experiments I made with a view of Experiments to 

obtaining (he acid of the calcareous fait pure. p«c ” 

Forty-live grains of the precipitate obtained from the de- i he precipitate 

compoiition of the calcareous fait, by the acetite of lead, aceme ( f 
, .. ^ . • 1 j-i j 1 lead mixed with 

were mixed with afcruple ot iulphunc acid diluted by a drachm luiphuric acid. 

of water. The fulphate of lead was feparated, and the liquor Decompofed by 

evaporated. It afforded by cryftallization thirty -vTour grains Qf 

ftcid fait in fine needles of tiie colour of pale wood, 

K 2 
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Decomptfed by In the fame manner thirty grains of the dry cakareoulf Mt 
Suipfattrtc idd* decompofed by twel^ grains of folphuric acid, properly 

diluted. The fulphate of lime being (eparaiedj the fiune 
acid fait was obtained. 

JJccinlc add fuccinic acid is fiill more marked in the acid 

is not deliqufcf. itfelf. The acid fait remains dry in the air ; it is eafily ibhible 

cent, diflblvcs alcohol as well as in water* It does not precipitate the 
readily m alcohol i,. r i .* i-t • ^ * 

and does not prc- metallic roliilions like its fait. 

cipitate metallic T wenty grains of the acid fait were (Ifghily heated in a fmall 
In'Se" etort an retort. Firft, a couple of drops of an acid liquor came 
acid li^r came over, the tafte of which was perfedly analogous to that of the 
coloVriJfs^Tran^^ concrete acid. Next a concrete fait arofe, that adhered flat 
parent cryftals againd the top and part of the nec:k of the retort, in the forni 

fubhmcd j and prifmatic cryllats, colOurlefs and tranfoarent. A coally re^ 

a coal remained. ‘ . , . , 

iKiuum remained in the retort. 

ftrongiy to tSr* ^ fimilar fallne fublimation was not obfervable with the 
lime. calcareous fait : we mud therefore conclude, that the acid ad- 

heres drongly to the lime, and cannot be feparaied from it by 
heat, without being decompofed* ^ 

The acid walhed To feparate the fubliined fait from the coally reiiduum, the 
" whole contents of the retort were dilTolved, and the liquor 
dltered* The folution was perfedily clear, and by fpontaneous 
• evaporation depodted the acid fait in colourlefs crydals. 
ob* appears, that a gentle fublimation is the bed 

taming it pure, mode of obtaining the pure acid lalt, and freeing it from the 
extra^ive matter, to which it adheres loo drongly to be fe- 
parated from it in the moid way. 

Perhaps may be The fmall quantity of the calcareous fait I had left, did not 
• mulberry ^tnees mC to carry the examination as far as I could have wiftiedr 

in this climate, in order to determine the fpecihc characters of the acid. It is 
poflible, that the mulberry trees in this climate may likewife 
furnidi the fame fait, and 1 (hail proceed to inqistre into thvs 
without delay. 

**** experiments related, however, feem fudiciently tB 

the faic meroxy- edablidi the point of the acidobtainedi being a new vegetable 
Uu of lime* j^cid, which comes neared to the fuccinic, both in its tade and 
other qualities. We may therefore provifionally give it the 
* name of moroxylic acid, and the calcareotts fait eentainii^ k 
that of moroxyiate qf lime. 


XI* Oil 
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XI. 

On Mr, Woolf's Invention for equalizing the Aflion of a 
Cranky in eontradiftinSiion to tie of the fly, in pro* 
idiicing an uniform EffeSt agtdnfi a variable Rejifiance, In a 
Letter from Mr, T, Jokes. 

To Mi;. NICHOLSON, 

SIR, 

I B EG leave to fecond Mr. Farcy’s requeft for an expla. 

x^tion of the fublUtute for the fly and equalization of the fubftiwite for a 

aflion of the fleam engine, in producing a rotative motion, fly. 

given in your valuable work for November laft : or, I ftiall 

efleem it a favour if you can dired me where 1 can fee it 

at work *. It appears to me, that the inventor has loft fight 

of the value of that organ wliich he intends to fuperfede, 

and tliat he has not applied it in cafe.*?, wliere a machine is 

required to produce an uniform eftefl on a variable reftftance, 

in which cafe the mere equalifation of the adlion ot the 

power on a revolving crank would have no value at all. 

The beft attempt that I have feen to unite thefe two iin- Ano^ther attempt 

• CA j 1 iv>r TJT the ISITtC 

portaiU points^ i.s in si fteam engine erected by Mr* 
blower, at JVfeflrs. Meux and Co's, brewery, where the 
action of the power on the pin of the crank, may have been 
in the ratio of the fines of each refpedlive arc in its revo- 
lution round the arbor of the fly, I fay, ** may have .becn,^' 
and I wonder it was not, fince Uiat mode of communication 
would have fo eafily admitted it, — theoretically at leaft : 
then indeed, a very light fly would ferve to turn tlie crank 
paft the upper and nether part or points of the circle ; but 
it could not have anfwered in regulating the unequal refif- 
tance which is found even in grinding malt, or pump works : 
and in my humble judgment, the fly muft for ever keep its 
place and importance with every judicious mechanic. 

I am^ in much bodily indifpofttion, 

SIR, 

Your humble fervant, 

T. JONES. 

Surry Road, ith January ISO^. 

♦ If there be one at work near London, I have no doubt but Mr. 

Woolf the inventor, who is refident engineer at Meffrs. Meua's 
Inrewery, will readily fhew it. N, 


FartJter 
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Farther Remarks on Mr. Woolf’s Rotatory Apparatus^ 

W^V^^rot”^ order to render the cffe^l of Mr. Woolf’s contrivance 
tory apparatus * Flate XL VpL VI. November 1803.) more intelli- 

gible to ,my readers in general, I (hall here explain tlie fame 
in a popular way. 

' I will fuppofe, by way of (implifying the fubje^t, that the 

rod B is fo long as to a^ always pearly in the perpendicular, 
‘and that the adion upon the fmall wheel is alfo in the fame 
diredion, namely, conftantly that of gravity. The en- 
graver has omitted to continue the rod of the pifton fup- 
pofed to work in the barrel G, and the proof came too late 
for it to be altered in time. The effed at the pin F in the 
little wheel, is precifely the fame as if a wtdght was conti- 
nually hanging there. 

Effed of the I. In the poiition here (hewn, the power of the engine 
wTb*htTn liffc weight at F has its full operation, 

rentpofitions. — 2. When C has moved 'through half the quarter circle to 
fhe right hand, F will have arrived at the lowed point; 
confequently the power of the engine will ad by a lever 
equal to the fine of 45®, or feven-tenths of the radius : or 
feven-tenths of the full powr of the engine will then ad 
on the great whed, and the weight at F'will not ad at all : 
i — 3. When C has moved through an entire quadrant, the 
power of the engine will be the greated podible on the 
great wheel, but at the fame time the weight will have 
arrived at the horizontal line beneath E, and will oppofc the 
former adion. The motive force will therefore bc^ equal 
to the excefs of the power of the engine beyond the weight. 
4. When C has moved through another half quadrant, tin; 
adion on the great wheel will be equal to feven-tenths, as 
ill No. tS. and the weight, having arrived at the highed 
point will not ad at all. 5. When 0 has moved through 
half a circle, and is at the lower dation in the great wheel 
the engine will not ad, and the weight having arrived again 
at F. will have its full operation as in No. i. 
four purfuing this fimple method of examination, we fee 

that 1. there are four pi fitions in which the arm C danding 
vfhich thc^coun- ^ an inclination of 45® to the horizon, and the arm F per- 
pendicuUr to thef amc, the regulating weight can have no 
. eded; 
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effects whatever be its mcafure ; tlie aOion will be ef- 

iedual to feven-tenths of the direft or entire ad ion of llie 

arm B in the tangent to the great circle; 2. that when the tivo in wlwd.the 

arm C is either perpendicularly up or down, the regulating 

weight alone ads in the fame tangent; 3. that when C lies and two in whit h 

horizontal, the effedive force will be the excefs of the the effed is pro- 

power of the engine beyond that of the weight. Since fxctfsof*the 

therefore we can do nothing with regard to the four firft power beyond 

mentioned politions, we liave only to confider the four lail, wuight. 

. and to contrive that the moving force (hall be the fame at 
the top and bottom, as at the tw^o lides ; o;- in otlier words, 
that the weight alone (hall be equal to the excefs of the 
power of the engine beyond that weight; which is the The weight 
fame thing as faying, that the weight mud be equal to half*”'*^ behalf the 
^he power of tlie engine. ^ 

We fee then that the action on the wheel C, will vary Variation one 
from fevcn-teiiths to five -tenths, four times in every revo- 
luLion ; the extreme difference being tlierefore t^vo.ten.ths adion* 
each w'ay from the medium, which is about fix-tenths. It 
may not perhaps be of any pradical value to dil'cufs the 
gradation by which the increafe and diminution of the oj)- 
polite a6Uons are governed ; and the mathematical reader 
will eafily fee that the dire6I adion of each is as the cofinc 
of the angle of the obliquity of the radius it ads upon. Still 
Icfs does itl'eem to be of any confequence in the prefent loofsc 
view of the fubjed, to treat of any affumed obliquity of the 
rods of communication. 

If we fuppofe a power to ad conftantly and uniformly. Concerning the 
iHit with alternations of oppolite diredion, in equal adlons^^^T . * 

and through like fpaces ; and wilh to produce, by that 
adion, a rotatory motion, we might in theory obtain 
the ciffed by a double fpiraf, known by workmen by 
the name of a fnail: but the difficulties from fridion, Smll, 

(hake, and other impediments, would in many inliances 
render the conftrii6lion ineligible. The crank is the mod Ciwk. 
cheap, eafy, light, aftd pradicable means of producing ro- 
tation from alternate right-lined motion and the contrary ; 
and its properties are too well known to require dffeuflion 
in this place. Its inequalities demand a fly, whether the 
power or the refiftance be uniform or variable ; and I do 
|lpt fee any ftriking difference betweep Mr.* WooIPs coii- 

ti ivance 
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trivance andihe fly, as far as concerns one Angle revolu- 
tion, whether they be eonfldered as regulating my one of 
thefe. In both, the furplus power is employed in putting 
a weight into a (ituation or ftatc by which it is enabled toi 
give back (in theory) the fame furpius, when the reflfianee 
becomes greater or the power lefs. But if the whole power, 
in feveral fucceflivc revolutions, fliould exceed the reliftance* 
and produce acceleration, th fly will continue to accumu- 
late momentum, and will be ready to give it out, againil 
an augmented reiiflance in fucceeding revolutions; fe 
-that its equalizing power extends not only through each 
Angle revolution, but through many. I do not perceive this 
property in the ingenious contrivance before us. 


XIL 

Ohfervations on the extinR Volcanoes in the Environs cf Cohkniz, 
l}y the Chevalier be Sade. Tranfiated from the original 
Manuferip, communicated by the Co.unt df Boor non. 


Coblentx built 
of volcanic ftone, 

from the neigh, 
hourhood of 
Andernach. 

The Hoipan le- 
gions faid to have 
ybeen driven from 
their camp near 
Andernach, by 
a volcano* 

This queftion- 
able. 

The extin^ vol- 


Wh EN I refided at Coblentz in 1791, the volcanic 
Hones made ufe of in that city, led me to inquire whence 
they were procured. Iwas foou informed, that they came 
from the neighbourhood of Andernach j and the clergyman 
of that place acquainted me, that the extindt volcanoes 
were near Haach, an abbey of Benedi£line monks, three 
leagues diflant. This worthy gentleman added, that he 
had fomewhere fcen it mentioned, that the Roman legions, 
encamped near Andernach, were obliged to quit their poft, 
on account of the Are ifluing from the volcano. Its 'great 
diAance from the-fea, made me doubt the truth of thia; fiid 


canoes, are like 
thofe of Au- 
vergne, of un- 
known date. 
Beyond Ander- 
nach, river fe- 
diment inter- * 
mixed with pu« 
mice ftone s and 
vulcanic fands* 
Ag*!mberg, a 
fmall mountain 
on the weftf 


my own obfervations have convinced me, that the extindt 
volcanoes of this country arc at length as ancient as thofe of 
Auvergne, the .date.of which is unknown. 

Having procured a guide, and direfting my fteps to- 
ward the fouth, 1 had fcarcely quitted Andernach, before 
1 met with river fediment, intermingled with.pumice 8mm, 
and volcanic fands. Leaving the high road, I proceeded 
toward a fmoll mountain on tlie weA, called Agcmbey^. 

To 
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To my great Catisfa^lion, after havings traverfed pumice 

ftones -and volcanic fcoriac, I arrived.at the foot of a quarry ftonci 0114 

of lava, from which hewn ftones for bulling and millflones millftones were 

were taken. This quarry was wrought i*the open air, ® wr^aght in thn 

was covered with a bed of mould about eighteen feet deep, open air, and 

The tbicknefs of this firatum demonilrates the high anti- - 
, . i* . • j t*6*'“*a Met ®» 

quity of the volcano, while at the fame time it prevented mould, 
me from tracing the courfe of the lava, particularly as above Above It fcstter*» 
this lava, nothing is to be found but fcattered blocks W'd 
Aliments of lava, fcoriae, and pumice (tones. I went to lava, fcori«,ini 
the top of the mountain, however, in hopes of difeovering 
where the center might have been ; for the mountain of Agen^beig mi 
A gemberg, all the rocks of which are torrefied, and the * *5*!**^* 

Itate of Iconae, was not a crater. The mountains, by taint, rurround^t 
which it is furrounded on the weft, appeared tc me to be of *”5 the * 
the fame nature, without any indication of the mouth from 
which the fire iftiied. 


The fummit of mount Agemberg is very bare, but on The top of 
defeending a few paces, I found a very pleafant copfe. A 
narrow' patli, which I took at a venture, led me, after fome down aplealiinl 
twenty fteps, to a grotto, in which was a tomb, with an 
iufeription from Job, reminding man of his nolhingnefs. taming a mbe 
3y the fide of this grotto is another, inhabited by a hermit, 
with a table of volcanic (lone in the centre, which he ufes « thlri In whieli 
for difterent purpofes. A little higher up, I difeovered a**»»dur»apU 
third, fmaller than either of thefe, containing a ruftic altar ; two'or 
on one fide was a pigeon-houfe, and lower down, two or bafoiu of water* 
three little bafons of water bordered with fliells. 


I quitted this mountain with regret, to traverfe another, 
which, tliough covered with wood, feemed to indicate the 
pxiftence of a crater; but I could perceive no trace of 
one, the trees, and the tbicknefs of the mould, letting me 
fee nothing hut fcattered blocks of lava and fcorisc. 

My examination was foon finifhed, and 1 refiimed the 
road to the abbey of Haach. In this 1 found nothing but 
pumice ftones, lava ; in fome places of the bafaltic kinil, 
Icorioe, a few fragments of hornftone fehiflus, and blocks 
of quartz ; all fcattered about on a ftratum of earth, which 
itfelf was compofed pierely of river-fand anti pumice 
4one. 

• The 


Another movn^ 
Cain covered with 
trees and deep 
mould, 

with fcattered 
blocks of lava 
and fcorisa. 

In the road' to 
the abbey of 
Huch, yamke 
Aoftes, lava, in 
feme plaeas ba» 
failic, fcorUe, 
hornftoae , fehif* 
curst and bloclaa 
of quaitct 
on a itraium of 
river fand and 
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Thevnter fold 
bes lake ucjur« 
Jt» fitiMtioii 
fine* 

On the weft Bdt 
0rft irgil ot dif- 
frrenl colours^ 
tben horaik>ne» 
Mtexx, Mattered 
blocks of Java* 
^he banka poor 

IBC^OW* 

On Qorrhy 
Mock. I of lavu, 
dieia boroilooc 
cktt perpendi- 
C 4 >wi>* 

and laif ly» a f«t^ 
w^^Glay, in- 
ta faffed with 
(rocks ofUva 
and ^ni^onfio 
On the eaft, 
cnmiMdl and 
posouslava, and 
tlieiQOuntarn 
■cjrfy perpenii- 
colar* 

On the fboth a 
kvd tneadow^ 
and a ffrore co» 
wrpd with 

The pferaTlIng 
witrds N* and 

K. W. 

The lake has no 
apparent influx 
df water, but a 
rivulet runs 
iimm it on the 
jbutb. 

Varies greatly in 
depth, nv)rc 
tlita4oo feet 
near the middle. 
Abonnds with 
fiih, but the bot- 
tom too rocky to 
f^ie nets. 

The abbey built 
hf the count Pa- 
iKlne in 10^3, 
he being alarm- 
ed by the noc- 
turnal appear- 
ance of hres on 
the mououins. 


The incumbent of the vHIagc belonging to the ibbey, tfl* 
formed me, that the crater, of which I was in fearch, was 
a lake near his parilh. 

The Htuation OTthis lake difpla)'s much grandeur. It is 
furroutkded by a chain of mountains covered with trees ; 
ks ibape is oval, longed from north to foulh ; and it requires 
near two hpurs to walk round it. 

The weft fide ofFeys to view at firft nothing but a fpacious 
bed of argil, divided into bands of diti'erciits colours ; after 
this appears a firiallerbed of hornftone; and the reft exhibiii 
only fome fcaltered blocks of lava. The bank is an indif- 
ferent meadow. 

The north fide begins with feme of the blocks of lava juft 
mentioned : next appears a pretty extenfive bed of honi- 
ftone, the very numeroijs fiflUres of which arc uniformly 
perpendicular to the horizon: and a little fkithcr on, is a 
confiderablc bed of fat clay, as white as fnow, inteifperfed 
with blocks of lava and Iiornflpiie. 

On approaching the caft fiiorc, nothing is to be found 
but lava, in I’ome places coinpatl, in others porous, and the 
mountain there is nearly perpendicular. 

l.aftly, on the fouth tide, the ground becomes level, and 
is fimply a meadow. The ftrand is covered with Ihells, 
partly whole, partly broken; and hence I conclude, that 
the prevailing winds in this diftrict, are the north and noith- 
weft. 

This lake does not appear to me to receive water in any 
part: yet, on the foulh it has an outlet, that furnitbes a fmall 
brook, watering the grounds of Medcrmich. I'he depth 
of the lake varies greatly, being upwards of four bundled 
feet near the middle. It abounds with filli, particularly 
pike; but the blocks of ftone fcattered over its bottom, 
render the ufe of the net nearly irapratUcablc, fo that the 
line is nlinoft exclufively exiployril for catching them. 

The abbey, to which this lake belonged, was a fpacious 
building, proclaiming the opulence of its founder. It was 
built in 1093, by Henry count of the Palatinate of the 
Rhine, and lord of this lake. Broverus, in his annals of 
Treves, fays, that th^ phantoms and lights, which this prince 
faw every night on the mountaiiiv around him, induced hini, 
tp eredl this pious foundation. 

3 


I was 



ON KXTINCT VOLCANOES. 


1 ^ 

I was told, that the outlet I have juft mentioned was arti- Thep^entouu 
ftcial, and made fifty years after the building of the abbey. 

The foundation^ of this abbey, having been funk as deep the natunl ew 
^ 2 Ls the outer walls are high above grouncC had obftrufted the 
natural outlet, which occaftoned the water to rife fo high, foundtdoiu «f 
as to inundate the convent, and render it neceftary to forip 
the prefent channel^ in order that it might run off. 

The face of the ground, however, makes me doubt, Thii<}Uf^aa- 
whether the lake ever flowed over on the fide next- the*^**t 
abbey ; for to a confiderable diftance it rifes there uniform- 
ly as you proceed from the Ihore. It appeared to me, that « h® natural 
the natural outlet muft have been rather on the fide toward probab||y*towa^ 
Andernach, through fiffurcs on the mountain. Neither can Andemach, 

I believe, that this lake, if we may judge from its banks, 

was the crater of a volcano ; but one of the great excava- Neither waa it a 

tions produced by fome earthquakes. In faft, I have al- 

ready faid, that the eaft and north-eaft parts of this lake by an earth- 

were volcanic : if therefore we fuppofe, that the fummit 

of the mountain had been a volcano, its bafe muft nccefl'a- 

rily have become hollow, and in this ftate of things, a very 

flight fliock would have fufficed to break the arch of the 

vault, or the cruft that covered its abyftes. 

We need not wonder, that this lake is always full of Receive# uriter 
v^^ater, though it appears to reedve none in any part ; 
it ferves as a dr^in to the furrounding mountains, which teins. 
are in great meafure volcanic. Its water is very limpid. Very clear, and 
and it does not freeze except in very fevere frofts. Mar- 
quart, in his origin of the Palatinate, aflerts, that it was 
pnee larger than it is nqw ; which in fact is perceptible on than it i# now.* 
the fouth and weft, where the ground has the appearance 
of having been once covered with water. He adds, that 
precious ftones and fapphires vvere found on its borders. I ftoiic8,*^^once 
did nor fee any ; but it is known, that there is a fa6l of 
this kind in the little rivulet of Pezzouliou, that runs among a fimiitir oc- 
lava at Expilly, near Puy, in Velay. currmcc at 

By no means fatisfied wdth my refearches, the principal ^*P*^*^* 
objetl of which was, to difeover the crater of the volcano, * ‘ 

that could have produced all the lava in this country, I re- 
paired to Medermenich, half a league lo the fouth-eaft. 

There I found myfelf in .quarries of volcanic ftone, from J^cl^^uwira 
^hich were taken mill-ftoncs and hewn-ftomJs for building, of voiwnio 
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t)N EXTINCT VOLCANOKS. 

for which there is e very great demand. Tliefe quarries aria 
undergcoundi and in thefe are iliafls a hundred feet deep, to 
facilitate tJie working. 

The hrS flratum was mould, about 15 feet thick. 

Tlie fecond, fcorix of lava, about 1 2 

Total 27. 

Beneath was the pure and compaft lava. The defcent into 
thefe quarries is by a Hair of 1 20 Heps, and a gentle defcent 
of near 90 paces. The fragments of the Hones got out ferved 
to make internal walls of fupport, to which were added Han- 
Chions of timber, in fome places perpendicular, in others ob« 
liquc, but always contrived to fupport the blocks feparated by 
HtTures* The Hones were broken off by iron wedges, for they 
were afraid to feparate them by blaHing. 

I counted eighteen or twenty (hafts in the fpace I traverfed ; 
and their mouths being perfc6lly open, woe to the traveller 
who (liould lofe his way among them by night, I obferved fe-* 
veral of them covered up, indicating works abandoned ; 
whence we may prefunie, that thefe quarries had been wrought 
for fevcral centuries. Some old oaks likewife growing in the 
(liafrs thus covered confirm this opinien. 

The thicknefs of the Hrata covering this lava prevented me 
from following its courfe, and tracing it to its fource; but I 
judged, that the mountain of Blemberg, a league to the fouth- 
weH, might be its crater. Accordingly I proceeded to ex- 
amine it. A quarter of a league from Medermenich I found a 
bed of the fame lava, the face of which was perpendicular, 
and forming a gully, that might be twenty-five feet deep. It 
is covered by a very thin Hratum of mould, and is wrought 
into inHIfiones, and Hones for building. Being expofed to the 
open air, it is harder than that of Medermenich. 

After having paflfed this gully, and a little bed of muddy 
lava, of the nature of piperino, we find in a meadow a very 
copious mineral fpring. It is cold, and contains carbonic acid 
and iron. At fome difiance from this we meet with beds of 
lava, in which there had anciently been feyeral quarries, and 
at length we arrive at the mountains of Blemberg. Tlie fur» 
face of this mountain, though covered with trees on the eail, 
is oeverthelefs full of torrefied and fcorified lava, and gray and 
fed .pouzzolopa, which left me no doubt, that this mountain 
had formerly been a volcano. The infpe^iop of its fummit 
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confirmed me in this opinioiif Thongh divided into fevemi 
parts, which do not perfedtly correfpbnd with each other, that the eaft j but a- 
on the weft perfectly reprefented a (bgment of a vaft crater in *^'***^* '^Jth la^ 
good prefervation. Standing on the border of this fegment, jaa*.** *”“***• 
1 obferved on the eaft, at the diftance of half a league, quar- tummlt eace 
ries of lava, of which this mountain was the fource. The 
gully I have mentioned feemed to militate againft the adoption ftroyed. 
of fuch an opinion with refpe^l to the quarries of Medermemch, that pj^eede?^ 
which are to the north^eaft beyond thefe: but time, and the from it. 
various circumftances, that have formed fifteen feet depth 
mould, may have occafioned the apparent interruption of this menieh. 
current of lava. 1 do not doubt however, hut feveral of the 
neighbouring mountains have Loen openings of volcanoes. i„g mounbiinr 

From the fummit of Blemberg I enjoyed a grand and very onco tou 
extenfive profpedt. On the fouth 1 had the little town of 
Mayerne, on the north Medermemch, and Ettringen on the Biembcrf Ane. 
weft. 

I quitted this mountain to vifit that of Ztmmeray, about half Village of 
a league weft of it, and I pafled through the village of Ettrin- of 

gen, built of lava and fcorice. 

The Whole of the body of the mountain of Zimmeray is The mountsln 
volcanic. The lavas there are in a ftale of torrefa6lion, that 
announces the exiftence of a crater. In fa6l, when I reached Its fummit a 
its fummit, 1 there found all the marks of one. It is of a 
conical form, and has a hollow opening to the fouth. The 
tides of this Mlow facing the fouth are well preferved ; thofe 
that face the north have been deftroyed. I imagine this took 
place at the period of the laft eruption, and that a ftream of 
!ava would be found by digging on that fide. 

I then left this mountain, and proceeded to that of Calberg, Mount Cslbcr^ 
which is on the north, and feparated from it only by a tolerably tfapp. 

broad valley, in which I found trapp, of a blackilli gray co* 
lour, in mafs, and in fcattered blocks. At the foot of mount At Sti Ihoc e 
Calberg was a bed of black, coarfe grained, volcanic fand, volcamc 
ftratiform, and containing a great deal of miba in large leaves, conttmlof 
The t|W8 that covered its fummit prevented me from alcertain- l»lwips loivsi* 
ing its but the circumference of its bafe is entirely eatiiely 

vokanio. Around it is muddy lava, in which larger or fmaller volccaie. 
fragments of eompa^ lava occur. Gray clay predominates Gray clap pic^ 
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Ctece a volcano. 1 had no doubts that this mountain was once a voIcatfOi 

figwe atone proves it. I went beyond it to the quarries that 
were v^rking, and w'hich were to the north, at the foot of a 
Near it quarnes gentle declivity, feparated from the Calberg by a valley, 
cf ^**i wino through which a fmall brook flowed to the eaft. Thefe quar- 
- ries are parts of vaftbedsof that kind i)f lava, which the Ita- 

lians call piperino. It is in general an earthy lava, contain- 
ing a pretty confiderable quantity of fragments of cotnpaft 
lava. This (lone is foft, and eafily wrought. It is almod 
every where in a horizontal (Iratum^ but Varies in its texture, 
» vol^ic^brec- fQ,. places it appears in the form of a volcanic breccia, 

cf^a fandftonc in Others it has the texture of fand-ftone. 

Having accomplifhed my objedt, which was to difcover the 
volcanic openings, that furnithed the lava of this diflrift, I 
returned to the Medermenich, where 1 flept; and the next 
The plain CO- day I reached Coblentz. The plain I crofled was covered 
irercd with frag- fragments of quartz, trapp, and pumice (lone. Near 
trapp, and * 06lundung, on the high road, we find rocks of flate, which 
pumice ftone. jjj-g working. After leaving this village four gently (loping 
dung flate'^quar- mountains appear on the left, (Iretching from eaft to vvefti 
ties. ^ and feparated only by narrow valleys. Their figure induced 

Near it four vol- lo vifit them; and I found them compofed of pumice 
flones and fcoria*. The firfl and fecond are merely fegments 
of two frnall craters, the iioi them part of which has been car- 
ried away. The other two, which are covered with trees, 
appear to me to have formed but one crater of vaft extent^ 
the roulhern part of which is deftroyed. The lava of thefe 
f II ft I f mountains is encrufled witli an immenfe number of little 
° CTyflals of piroxen. This rcddifli lava contains a pretty con- 
It is reddlih, fiderable quantity of reddifli mica in large leaves, frequently 

dUh^Sca ^ thick. Almoft at the foot of the eaflernmoft moun- 

hrge ieavss. tain this (lohe is procured, lo be ufed in conftru^ing walls, 

trted m walls. it is too porous, and at the fame time too hard, to be 

employed as hewn (lone. 

View from thefe furamit of. thefe heights the profpe6l is beautiful 

height!. and grand. From the eafl to the north appears the magnificent 

. bafin watered by the Rhine from the callle of Ehrenbreitilein 

to Andernach. The feven mountains (Siebenberge) raife 
their ancient heads on the north. On the well, the view in- 
cludes from north to fouth all the mountains juft deferibod; 
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ftnd dn (he fouth it Is terminated by mountains covered with 
woodi the joearett of which appeared to me to be volcanic.* ; 

At length I arrived at Bafnheim, remtirkable (hr nothing but 
the EngliOi gardens belonging to the lord of the manor; and Pumice ftoneoa 
thence to Coblentz. I found pumice ftone on the road, and 
in itrata wdierc pits had been dug in the ground. 


XIII. 

On an Improvement in the Form of SptBacle^Glaffea, />j/ Willia M 
HvDt Wollaston, M D, F, R. S. Communicated by the 
Author. ^ 

It muft have been remarked by perfons who make ufe 
fpedtacles, efpecially ihofe who require glafles of^ihort focal objeftsoutof 
di/lance, that objedls (een through them appear di/lin6l, only ‘^enter are dif- 
when viewed through the central parts of the gialTes ; that 
when the diredion of the light E O, Fi^. 1. page H5 is con- 
fiderably inclined to the furfaces, objedls appear didorted, and 
that this defe6t is greater in proportion to the greater obliquity 
of that line. 

It is on this account that opticians have lately made, and 
recommended fpe^lacle-glaffes of lefs diameter than thofe make the ql.iflc* 
formerly in ufe, thinking that the extreme parts of the field tmaikrj— 
of vifion, which from indiftindnefs were of little ufe, might 
be fpared without much inconvenience. But this alteration but to little 
in the fize of the glafles could hardly claim the merit of an 
improvement; fince for one defefi, it only fubftituted another 
fcarcely lefs obje6lioBable. 

It Teems indeed rather extraordinary, that, during five 
centuries which haveelapfed fince the invention of fpe£lacles, 
neither theory nor accident (hould have produced any con- 
fidcrable variation from the original conitrudtion. 

It was indeed conceived by Huygens, that the glafies, in- Huyihens pro. 
fiead of being equally curved on both (ides, as is cufiomary, ^ 

Ibould have the curvatures of their oppofitc furfaces in the ture in 
proportion of fix to one, becaufe he had demonft rated that 
fuch a form was bed fulled to the objedt glafles of telcfcopes. ^ 
pr. Smith alfo in his treatife on optics, (p. 258 .) repeats Repeated bf 
this gpiiiion of Huygens in the following curfory manner ; ®®**^*'* 

and 
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ahd colifequetitly this figure of a glafs is iho belt for fpeo* 
Cacles, as the double concave of like figure is the befi to kip 
fliort-fighied perfons/' 

But although it may be very true that fuch a form of glaGi 
was beft calculated for the objedt glafs of a tdefcope^ previoaa 
to the celebrated difeovery of the achromatic obje^-gtafs by 
the late by Mr. Dollond, yet whatever advantages might at 
any time be expected from the telefcopic objed-glafs fo ftiaped^ 
thefe were not to be obtained by a fimilar Oonftruflion in fpec- 
tacles, as may eafily be feen by confidering the different ufes 
of the refpedive inftrumentSi 

In a lelefcope in the firft place, our view is neceffarily 
confined to a very fmall diftance on each fide of the axis ; and 
fecondly, every part of the object glafs contributes to tlie 
diftin6lnefs of any objeft viewed. 

It is under thefe circumfiances alone that the proportion of 
the curvatures above-mentioned, might be proper for a iingle 
obje£t glafs, as being capable of colle6ling into the focus the 
rays that fall on every part of it parallel to the axis. 

By fpeflacles on the contrary, objedls are to be viewed if 
poflible in every diredion in which they might be feen by the 
naked eye^ which is often far removed from the centers of the 
glaffes ; confequently a confiitution tiiat is Calculated to re- 
prefent corredly central objeds alone, cannot be the rood ad- 
vantageous. 

In thefe alfo, the portion of the glafs employed at once is 
fcarcely larger than the pupil of the eye, fo that any endea- 
vour to procure the concurrence of all parts of a glafs in any 
one efTed is evidently fuperiiuous, and may alfo be Ihewn to 
be prejudicial* 
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It is therefore propofed to remedy the imperfedions ob- 
fervable in the fpedacle glafles hitherto generally ufed, upon 
a principle fuggefied by this latter confideration, which prefents 
an opportunity by a different conftrudion of rendering objeds 
in all diredions diflind. 

The alteration requifite for this purpofe, is mttremoly 
fimple, and eafilyintelligible. Suppofing an eye to be placed 
in the center of any hollow globe of glafs, it is pbun that 
objeds would then be feen perpendicularly through its furface 
in every diredion, Confequently the more nearly any 

, * fpedhcle^ 
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fpoAade^glafs can be made to fnrrouad the eye in the manner 
ef a globnlar fuHace, the mote nearly will e^ery part of it be 
of right angles to the line of light { the more uniform will be 
the power of its different parts, and the more compleatly will 
the indiffindnefs of lateral objeidh be avoided ** 

According to this principle, all fpedacle-glafles Ihould be CoaveaoutlM 
convex on their exterior furface, and concave within. The 
fedUon of thofe for long fighted perfons^ vi^ill affiime the form 
of a menifcus or crefcent. Fig. and thofe adapted for (hort 
fight will have their principal curvature on the concave fide^ 

Figw 3m 



It is only neceflary to add, that the advantage of this im- 
provement in the form of fpedtacle glaffes has been confirmed 
by a fufficient number of experiments on different perfons, 
and that thofe in particular who are very long or very fiiort 
fighted, are much benefited by them. 

* To mathematicians it will be evident that any ray which does 
not pafs through the center of a lens, cannot be at right angles to 
both furfaces ; but they will alfo perceive that when any linaU ob* 
lique pencil makes equal angles with the two furfaces of a thin lens, 

* the inclination of it to each is fo finally that its focal length B * 

will not fenfibly differ from A C that of a central pencil^ 

Vox,. VII. — Fxb&uaav, lt04. L Tho 
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GUN TO THAOW DOUBLE-HCAD&D SllOT. 

The mofl advantageous proportions of curvature for obiatit* 
ing ihc different focal lengths now generally diflinguiAied by 
certain numbers, have alfo been duly confidered; and the 
jtianufadfure of fpefiacles, on this conAru^tioii, has been un« 
dertaken by MefTrs. P, and J. Dollond, to whom the excluAve 
fale of them is fecured by patent, and whole well known (kill 
in the conAru£lion of optical inAruments, enfures to this im* 
provenient every advantage of correct execution* 

From the opportanity afforded by thefe glaffes of looking 
round at various objedls in one poiition of the head, it is 
fliought they may not improperly be diAinguiflied by the name 
of Perifcopic Spediacles, 


XIV. 

Letter of Enquiry concerning a Gun to threru) double-headed Shoti 
with the Edilor*s Reply, 


SIR, 


To Mr. NICHOLSON. 




tiAVING this hiAant feen, at the Royal InAitutiop, a flieet 
of paper printed by Nichols, printer, Earls Court, Newport 
Street, Soho, containing a drawing and defeription of a gun to 
throw double-headed ftiot, 1 take the liberty of wTiting this on 
a page of a little note-book there, which mu A be my apology for 
the paper, to entreat that you will obferve upon it in your in- 
valuable Journal, becaufe I fear that it is not a fafe inAru- 
ment. A confiderable diAance is to be obferved between the 
powder fired and the Aiot to be difeharged by it. 1 have al- 
ways confidered that an interval fo kept was the occafion of 
the burning of fo many guns. Pray is this fafe? And fliould 
not a line be cut on the arms to which the bullets are attached, 
to mark exactly the diAance of the attaching bar at each extre-i 
mity from the muzzle, when the balls are equally rammed 
down'. As the knowledge of its fafety may contribute to its 
fervice if really ufcful, I hope you will think Uiis application 
not idle. 

1 am. Sir, 

Your conAant Reader. 


ANSWER, 
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ANSWER. W. N. 

THE paper alluded to in theklterof my correfpondent/ More pwticul* 
Contains an engraving of the fliaded fedlion of a gun having a ^ccouat. 
double bore; but only orte chamber ; from which each bordi 
diredlly leads : but they diverge from each other in an angle 
of about eighteen degrees, The charge of powder is to be 
placed in the chamber, and the two (h’ot* one for each bore, 
are connected by a bar having two joints or hinges at an equal 
diftance from its middle. By this contrivance, by bending the 
Compound piece at the hinges, the (hot can be put into the 
bores of the gun ; and when the explofion blows them out, 
their divergence cauTes the bar to become flrait, and confe- 
quently is expedled to do mifchief proportioned to the extent 
of its length. 

The title of the paper is, Horizontal Sedlion of a Gun for Title of the 
projedling double-headed Shot, invented by Lieut. Colonel 
Blaquiere, 22 Dragoons, July, 1803. Recommended to be 
nfed againfl an invading Army on board his Majeily’s Gun- 
Boats and in the dire6lions care is prefcribed, that the fame 
length of bar (liali be left out of each muzzle to prevent acci- 
dent ; and it is ilated to be a great advantage, that a conlider- 
able didabce (houlu be left between the powder and fliot, as 
by this means the powder acquires itSgreateftpolfible force. 

My opinion was alked concerning a gun of this defcription This gun In- 

which another inventor had propofed, fome time previous to 

mr ir 1/1 I . r ^ . anotlier perfon. 

Midlummer lalt, to throw chain*(hot ; and the obfervations 

that then occurred were, 1. If there be the leaft difference its probable 
between the windages or the blaft in each bore, or in the cafual®^^'®* 
impediments, one (hot will precede the other. 2. Jf they go 
out fairly together, their velocity of reparation will be to the 
direct velocity as the chord of the angle of divergence is to the 
radius. In the prefent gun the bails will feparate with one- 
third of the velocity with which they advance. 3. Tliat the 
violent reparation of the (liot from each other, will mofl pro- 
bably, in either of thele cafes, break the chain, or the bar, or 
the joints. 4. Or if no fra^lure takes place, the fudden check 
tvill, by the elafticity of the' metal, caufe the fliot to approach • 
again to each other. 5. To which I may add, that it may be 
doubted whether the embarraffmen^of one of thefe bar-(hots 
pr^edipg the other might not occafion a dangerous obftnic- 

L 2 lion. 
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tion, and tbal there are meny faQs Which flievr^ that it is unfafe 
to permit any confiiderabie expan (ion of, or fpace for, the blaft 
of powder, before it (hall ad on the projedile. 


XV. 

PrognfTfiica the Weather, efiahlijhtd by bong^ontinued Objtsr^ 
vatimi vpon ike Candn^ and Appearances nf Birds, Beafts, 
JnfeSs, PlasUs, Meset^ri^ the Heaaenfy Bodies^ Minerals^ flrc* 
Coinmunicated by a Carte^onSmt^ 

To m. NICHOLSON. 

SIR, 

It is a well known general fad. that (hepherds and others, 
whofe occupations lie in the open air. do not unfrequently 
pofTefs the (kill of foretelling the weather for confiderable pe- 
riods of time in advance, and that they ground their obferva- 
tions upon the phenomena exhibited by animals, and other 
bodies expofed to the adion of the elements. Some of the 
maxims on this fubjed. which poflfefs the (andion of ancient 
acquiefcence. are fuch as probably would not Rand the tell 
of modern fcientific examination ; but on the other hand, there 
are many of which the rationale appears not difficult to explain, 
and others which, from their empyrical value, are highly de- 
ferving to be Rudied and made out. I have for thefe reafons., 
as well as from a fenfe of the immediate utility of this know- 
ledge. thought it by no means impertinent to beg that you 
would oblige the world with the enclofed. which is the bed 
colledion of fads I have met with. It is taken from a fmall 
pamphlet printed at Edinburgh, without date or the name of 
bookfeller or author, but apparently many years ago. intitled. 
A Succind Treatife of Popular Afironomy. If this commu- 
nication (hould meet the honour of infertion in your excellent 
Mifcellany. I hope it will be followed by fome explanations 
from your fcientific correfpondents. 

1 am. Sir. 

Your obliged reader. 

R. B. 
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Signs (tf Hain jfrom Birds. 

SEA and frefli water-fowls* foch as corinbraMa^ fea-gulls, ^ 

mutr-hens, &c, flying from fea, or llie frefli watersi to land, Rain from birdsk 
foew bad weather at band : land fowls flying tb water**, and 
thofe ihakingt waftiing, End noify, ei^iedally in the evening* 
denote the fame : geefe, dodts* coots* fcc.’ ]!>ickihg, (baking, 
wafliing, and noify ; rooks and crows in flocks* and fiiddenly 
difappearing ; pyes and jays In flocks* and very noify ; the 
raven or hooded-crow crying in lb« morning, with ati inter- 
niption in their notes, or crows being voryclamofous at even'; 
the heron, bittern and fwallow flying low ; birds forfaking their 
meat and flying to their nefls ; poultry going to rood, or pid* 
geons to (heir dove-houfe ; tame fowls grubbing in the daft, 
and clapping their wings ; fmall birds feeming to duck, and 
wafh in the fand ; the late and early crowing of the cock, and 
clapping his w’ings ; the early flngtng of wood-larks ; the early 
chirping of fparrows ; the early note of the chaffinch near 
boufes ; the dull appearance of robin red-breaft near houfes ; 
peacocks and owl's anulfually clamorous. 

Signs of Wind from Birds, 

Sea and frefli water-fowls gathering in flocks to the banks. Wind from 
and there fporting, efpecially in the morning ; wild geefe ****^** 
flying high, and in flocks, and directing their courfe eaftward ; 
coots reftlefs and clamorous ; the hoopoe loud in his note ; the 
king’s-flflier taking to land ; rooks darting or (hooting in the 
air, or fporting on the banks of frclh waters; and laflly, the 
appearance of the maleflgie at fea is a certain forerunner of 
violent winds, and (early in the morning) denotes horrible 
Umpefts at hand. 

Signs qf fnir Weather from Birdt. 

Halcyons, fea-ducks, &c. leaving the land and flocking to Fair weather 
the fea ; kites, herons, bitterns and fwallows flying high and fr°® 

Ipud in their notes; lapwings reftlefs and clamorous; fparrows 
after fun-rife reftlefs and noify ; ravens, hawks and keftrils (in 
the morning) loud in their notes ; robin red-breaft mounted * 
high, and loud in his fong ; larks foxing high, and loud in their 
longs ; owls hooting with an eafy and clear note ; bats ap- 
pearing early in the evening. 


Signs ^ 
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^^gns of Rain from Beafis, 

Aflfes braying mora frequently than ufuaj; hogs pjayii^^ 
fcattering their food, or q^rying draw in their mouths ; oxen 
fnufhng the air, looking to the fouth, labile lying on their right 
£des, or licking their hooves; cattle grafping for air at noon ; 
calves running violently and gamboling; deer, (heep, orgoat^, 
leaping, fighting or puthing; cats wathing their face apd ears ; 
dogs eagerly fcraping up earth ; foxes barking, or wolves howl- 
ing; moles throwing up earth more than ufual; rats and mice 
£oore rcfllefs tlian ufual ; a grumbling noife in the belly of 
bounds. ' ...... 


Signs qf Rain from Infedls. 

Rain from ia« Worms crawling out of the earth in great abundance; fpiders 
feifts* falling from their webs ; flies dull and refllefs ; ants baflening 

to their neils| bees haflening home, and keeping clofe in 
their hives; frogs and toads drawing nigh to houfes; frogs 
croaking from ditches; toads crying on eminences; gnats 
Tinging more than ufual; but, if, gnats play in the open air, 
or if hornets, wafps, and glow-worms appear plentifully ill 
the evening, or if fpiders webs are feen in the air, or on the 
grafs, or trees, thefe do all denote fair and warm weather 
at hand, . • ^ . 


Signs of Rain from the Sm, 

* JUln, ftomfuni Sun rifing dim dr^waterilh ; rifing red with blackifli beams 
mixed along w'ith his rays; rifing in a ntufty or muddy colour; 
fifing rcid and turning blatkilh; felting under a thick cloud - 
• fetting with' a red fky in the eaft. 

' Sudden tains nevfer laft long; but when the air 

grows thick by degrees, and the fun, moon, and ftars fhine 
dimmer and d^mer, then it is like to rain fix hours ufually. 

Signs qf Wind from the Sun. 

Wind fwm the rifing pale and fetting red, with an iris; rifing large in 

itfs, furJace ; rifing with a red fky in the north ; fetting of a bloody 

colduf ; fetting pale, with orie or more dark circles, or ac- 
companied w ith red fireaks ; feeming concave ©r hollow ; 
feeming divided, great ftorms; parhelia, or mock funs, never 
appear, but are followed by tempefls. 

Signs, 
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Signs of Fair Weather from the Sun. 

Gun riiing clear, having fet clear the night before ; riflng Fair 
na^hile the clouds al^out him are driving to the weft; rifing ^*^*” ^* ^***^ 
with an iris around him, and that iris wearing away equafty 
on all Tides, then expert ftiir and fettled weather; riling clear 
und not hot ; Tettang in red clouds, according the old db- 
fervation ; 

The evening red and morning grey^ 

Is the fare fign of a fair day. 

Signs qf Rain from the Moon* 

Moon pale in colour, rain; horns blunt at firft ri{ing» rain ; Rain, from the 
horns blunt, at or within two or three days after change, de- 
notes rain for that quarter; an iris with a fouth wind, rain 
next day ; wind fouth third night after change, rain next day ; 
the wind fouth, and the moon not feen before the fourth night, 
rain moft of that month ; full moon " in April, new and full 
snopn in Auguft« for moft part, bring rain ; mock-moons are 
fbe forerunners of great rains, land-ftoods, and inundation. 

Signs of Wind from the Moon. 

Moon feeming greatly enlarged; appearing of a red ,co- w<nd fram the 
Jour; horns fliarp and blackifti ; if included with a clear and 
ruddy iris ; if the iris be double, or feem to be broken in parts, 
tempefts. 

N.B. On the ppw pippn, ftie wind for the moft part 
changes. 

When the ipoon# four days old, has her horns fliarp, (he 
forctels a tempeft at Tea, unlefs (he has a circle about her, and • 

that too entire, becaufe, by that (he (hews that it is not like 
to be bad weather, till it is full moon. 

Signs of Fair Weather from the Moon. 

Moon feeming to exhibit bright fpots; a clear iris with full 
moon; horns (harp fourth day, fair till fpll ; hprns blunt at firft 
fifing, or within two or three days after change, denotes raiit 
for that quarter; but fair weather the other three quarters ; 
moon clear three days after change or before full, always de-r* 
potes fair weather. After every change and full, rains for the 
moft part, fucceeded by fair fettled wes^her ; moon clear 
^nd bright, always fair weather. 



w 




Sigm ^ Wt^ih^r fiam th Stars^ 

WtadicrlrMn Stars fiwming hrfe« iduH, and pale of colour, raSn; or 
wlien their iiMokling is not percseptible, or if eneompai&d 
with an iris. In fummer, when wind is at eaft, and ilars 
feem greater than ufaal, dnen exped iiiddan rain ; tiars ap- 
pearing great in number, yet clear and bright. Teeming to 
ihoot or dart, denote fair weather in fummer, and in winter 
froft. 


Rain firom 
clouds* 


Signs qf Rain from the Clouds* 

In cloudy weather, when the wind falls, rain follows; 
clouds growing bigger, or ^ming like rocks or towers fet- 
ling on mountains tops; coming from the fouth, or often 
changing their courfe ; many in number at north weft in the 
even; being black in colour from the eaft, rain at night; 
but out of the weft, rain next day ; being mdny like fleeces 
of wool, from the eaft, rain for two or three days; lying 
like ridges about mid-day in the fouth-weft, fttews great 
ftorms both of wind and rain to be nigh. 


Signs of Wind from the Clouds* 

Wind from Clouds flying to and fro; appearing fuddenly from the 
fouth or weft ; appearing red, or accompanied with rednefs in 
the air, efpecially in the morning; being of a leadifh colour 
in the north-weft ; (ingle clouds denote wdnd from whence 
they come; but if at fun-fet, clouds appear with golden 
edges, or diminifli in bulk, or fmall clouds (ink low, or draw 
againft the wind, or appear fmall, white, and fcattered in the 
north-weft (fuch as are vulgarly called mackerel) when the 
fun h high, thefe are figns of feir weather. 

N, B It is often obferved, that though the mackerel (ky 
denotes fair weather for that day, yet for the saoft part, rain 
follows in a day or two after. 

Signs qf Rain from the Rainbow. 

Rain from Aft^r a Ipng drought, the rainbow denotes fodden and heavy 
lainbow. , rains; if green be the predominant colour, it denotes rain, 
but if red, wind with rain; if the clouds grow darker, rain; 
if the bow feems broken, violent ftorips; if appearing at 
poopi much rain; if in the w^, great raini with thuxuier. • 

N*B* 
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B, It it obferved* llist if the lait wedc in Febniaryi 
and the firft fortnig;ht of March, be inofily rainy, and attend^ 
with frequent appearances of t^ bow, a wet f^pring and fan* 
mer may be expeded. 

Signs qf Fair Weather from the Itainhow. 

The rainbow appearing after long rains, denotes fair Fair from ntn. 
weather at hand ; if the colours grow lighter, fair ; if the bow 
fuddenly dtfappears, fair ; if the bow appear in the morning, 
it is the fign of fmall rains, followed by fair weather ; if ap* 
pearing at night, fair weatlier ; if appearing in the eafi, in the 
evening, fair; if the bow appear double, it denotes fair 
weather at prefent, but rain in a few days ; if in autumn, it 
continues fair for two days after the appearance of the aurora 
borealis, exped fair weather for at leaft eight days more. 

Signs qf Rain from Mijts, 

If mifts be attraded to the tops of hills then exped rain in Rain from 
a day or two; if in dry weather, they be obferved to afcend®*^®* 
more than ufual then exped fudden rain ; mills in the new 
moon always forethew rain in the old; mills alfo in the old 
moon denote rains to happen in the new; a mifty white fcare, 
in a clear fky, in the fouth-eafl is always a forerunner of rain. 

Signs of Fair Weather from Mifts. 

If mills dillipate quickly, or defcend after rain, it is a fure Fair from mifts* 
fign of fair weather; a general mill before fun riling near the 
full moon, denotes fair weather for about a fortnight running. 

If after fun fet or before fun rile, a white mill arife from the 
waters and meads, it denotes warm and fair weather next day. 

A milly dewon the infide of glafs windows fliewsfair weather 
for that day. 


Signs qf Rain from inanimate Bodies, 

Wood fwelling, or Hones Teeming to fweat; lute or viol Rain from in« 
firings breaking; printed canvas or palled maps relaxing ; fait bodieu 

becoming moill ; rivers finking, or Hoods fuddenly abating ; 
remarkable fparkling of lamps or candles; remarkable halo 
about the candle; great drynefs of the earth; pools Teeming ' 
troubled or muddy; yellow fcum on the furface of fiagnant 
waters; danddion or pimpernel (hutting up; trefoil fwelling 
in <ilalk, while the leaves bow down. 

N. B, A dry fpring is always attended with a rainy winter. 

Signs 



Wind from in- 
bodies. 


Ham ce^iig. 


Wind oeafljig. 


Hail. 
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Signs tff Wind from inanimate Bodies. 

Winds (hiftingto th€ bppbUte point; fea calm, with am’Qfv 
muring ntnTe; a murmuring noife from «the woods and rockl ; 
when the air is calm; leaves and feathers feeming mtfch agi- 
tated; tides high when the thermometer is |)igh; trembling or 
flexuous burning of flames; coal burning wbitO with a mur- 
muring npife; thunder in th? morning with a clear iky ; thun- 
der from Ihe nor fh . 

N» B. '^henfOerer the wind begins to ihift, it will not reft 
till it comes to the oppofite point; and, if the wipd he in tlie 
north, it will be cold; if ii> the north-eaft colder; if in Ihp 
|buth ; it brings rain ; but if iq the fouth-weft more rain. 

Signs of Bain ceajlng^ 

The fiidden clofing of gaps in the earth ; ihe remarkable 
rifing of fprings or rivers; if the rain begins an hour or two 
before fun rife it is like to be fair ere noon ; but if an hour or 
two after fun-rife, iffpr the moft part, happens lo continue all 
(day and then to ceafe; when it begins to rajn from the fouth 
with a high wi*i^ ^or tw»o or three hours, and that the wind 
falls, and it ftill continue? raining, it is then like to continue 
for twelve hours or more, and then lo ceafe. 

N. B. Thefe long rains feldom happen lo hold above twenty- 
four hours, or happen above once a year. 

Signs of lllitd ceafn^. 

^ hafty^ (bower after raging winds is a furefign of the ftorm 
being near ap end. if the water ruckles and frequent bubbles? 
arife, or if the halcyon or kings-fiftier attempts the fea whil^ 
the (form lafts,,or moles come opt of thejr holes, or fparrows 
chirp merrily, tliefe are all certain figns of the ftorm ceafing 
Both fca and frefli water fifties by their frequent riling and flut- 
tering on the furfacc of the water, foretell the ftorm nigh over, 
but erpeciplly dolphins fpouting up water in a ftorm foretf^ll a 
calm. 

N. B. Let ibe wind be in what quarter it will upop the new 
paoon, it prefently changes. 

Signs of 

Cloud? white, inclining to yellow, and moving heavily 
though the wind be high is a furc fign of hail; if the eafte/n 
^fore fun-rife be pale, and refraded rays appear in thick 

cloudsj 
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jplQuA^f Ui,^n expefi great floroi^ of. hail; white clouds in fumr 
fner a lign of hailj but in winter they denote fnow, efper 
icially wh^n we perpeive die air to be a little warm ; in fpring 
or winter when clouds appear of a blueifii white, and expand 
^xpeQ finali hail or driving, which properly is np 
other than frozen tnifts. 

Signs of Thundcic. 

Meteors (hooting in the fummer^s evening, or chops apd clefts Thunder 
in the earth, ^yjien the weather is ways foretell thun- 

der is nigh ; in fummer or harvefi, when the wind has beep 
jfbuth two or three days, and the thermometer high, and clouds 
rife with great white tops like towers, as if one were upon 
the top of another and Joined with black on the nether tide, 
expedt rain and thunder fuddenly ; if two fuch clouds arife, 
one on either hand, it is then time to look for foelter, as the 
thunder is very nigh- 

}J. B. It is obferyed Jhat it thunders mojl with a fouth wind 
pnd leaft with an eafl. 

Signs of Cold and FroJjlj^ Weather. 

Sea-pyes, darlings, fieldfares, with other migratory birds Cold and frofty, 
appearing early, denote a cold feafon to enfue; the early ap- 
pearance of fmalf birds in flocks and of robin red-breads near 
lioufes; fun in harveft after fetting in a raid or broader than 
nfual; moon bright, with lharp horns, after change; wind 
ftifting to the eaft oi* north after change; iky full of twinking 
ftars; fmall clouds hovering low in the north; fnow falling 
fihall, while clouds appear on heaps like rocks. 

N. B. Trolls in autumn are always fucceeded with rain. * 

SigTis-^ Thaw. ^ 

Snow falling in large flakes while the wind is at fouth ;Tha\w 
cracks appearing in the ice; fun looking wateridi ; the moon's 
horns blunted; liars looking dull ; wind turning to the (buth; 

^ind extremely Ihifting; it is alfo obferved, that, if 06lobcr 
and November be ffoft and fnow, January and February are 
like to be open and mild. 

/ . . * 

Signs of Drought. 

Fair weather for a week together, while the wind is all that Diought. 
lime in the fouth, is, for the molt part, followed by a great 
' droughty 
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drought; if Fehniary be for moft miny* ^ing eod Aimmer 
quarters are like to be fo too; but if it happen to be altogether 
fair, then expedt a drought to follow; if lightning follow after 
twenty-four hours of dry and fair weather, drought will fol- 
low, but if within the twenty-four hours, expe^ great ratfis. 

Signs qf Hard Winters, 

Hard winters. A moift and cold fummer, and mild autumn, are fore iigns 
of a hard and fevere winter ; ftore of hips and haws denote 
the fame; the hazel-tree te we w w g. ia eaww e h fe r s ed to fore- 
tell the fame ; acorns found without any infedt is a fore prog- 
noftic of a hard winter. 

Signs qf Pefiilential Seajtms. 

Peftilential A dry and cold winter with a foutherly wind; a very rainy 
fpring, itckaefs in fummer ; if fummer be dry with the wind 
northerly but (he autumn rainy and the wind foutherly, great 
Jicknefs is likely to fellow ; great heats in fpring time without 
winds; roots having a lufcious tafte, while the wind has been 
long fputherly without rain ; and laftly, great quantities of 
ftinking atoms, infedts or animals, as flies, frogs, fnakes, 
locufls, See. ' 

Experimtnts qf the Leech Warm. 

teecb worm. Inclofe the leech w^orm in an eight ounce vial glafs, three 
fourths filled with water covered with a bit of linen, let the 
water be changed once a week in fummer, and once a fort- 
night in winter. 

If the leech lies motlonlefs at the bottom in a fpiral form, 
fair weather ; if crept to the top, rain ; if reftlefs, wind ; if 
very reftlels, and without the water, thunder ; if in winter 
at bottom, bnt, if in the winter it pitches its dwelling 
on the mouth or the vial, fnow. 

Signs of WeeuJter from the Barometer. 

Barometer. In calm weather, when the air is inclined to rain, the mercury 
is low ; but when tending to feir, it will rife ; in very hot 
weather when falling, it forefhews thunder ; if rifing in winter,, 
froft; but, if falling in froft, thaw; if rifing in a continued 
froft, fnow; if foul weather quickly on its falling, foon over; 
if fair weather quickly on its rifing, foon over ; atfo if rifing 
high in foul weather, an4 fe continuing for (wo or three dap, 

before 
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toiere th« (bul weather k over« tKen expeft a conttaaaflOtt ot 
fair weather ; bat, if in iarf weaflier the mercury fk(l law, 
and fo eontinae for two or three days, then exped nittcii 
rain, and probably high wtnds^ 

if. B. In an eafl wkid, the mercury always rifes and &11| 
lowed before great winds. 
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A ifnw. Cheap and Simple AppanOm far repeating the /fburr, 
and Quarters in Clocks and B^aiehes. By Mr. J.M. EllWT. 
Communicated by the Intentor^ 

The great expence of repeating, watches in the hrft pur- New and 
chafe, as well as in the fubfeqttent repairs^ have induced Mr. 

Elliot to turn his thoughts towards reducing thmr conftru^on 
to a greater degree of innplicity, and cm^squently to dimi- 
nifh the charges in both thefe refpeds. 

In the mechanifm reprefenled in plates VII. and VIII. the 
parts and their arrangemept are fuch that without the ufuaLap^ 
paratus of pinions, pullies, chains, or racks, watches re- 
peat both the hour and the quarters, viz. the hour firft and the 
quarter afterwards, or the hour or the quarters feparately ; or 
either of thefe firft as may be wiihed, without interruption, 
and by one hammer. As (everal of Ibefe pieces have been 
made and difpofed of in this country as well as exported, the 
pradlicability as well as the coil are l^th afeertained, which bfl: 
is about one third of the former charges.’ 

Plates VII. and VIII. reprefent the parts of this new, ma- 
chinery, Fig. 1. (hews the principal pieces as attached to the 
upper pillar plate by means of a pottance A B C D, called the 
repeating pottance, kept to its place by the ferew -a h (betws 
the pendant attached to a Aeel axis upon which the repeating 
apparatus is hxed and carried. In the actual time piece thefe 
parts are as clofe to each other as convenience will attow ; but 
they are here reprefenled for the fake of difimdnefs, as if at 
a diftance from each other. Thus they are made to ad and ^ 
perform the (friking by turning the axis of the pendant to the 
right or left. 

^ is a part of the bell feen edgewife, d and / are two arms 
or pallets, which being fitted upon fquaies on the axis are^ 

' 4 moved 
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jrewiorlitmple roand whenever (he am is moved hy 1 n^lli^ of tm 
pen^ot^ Thj firft 410^^ to drive the tvork for ilriking tbd 
hpur« and the laUer I the work for the quarters. The Hrft qf 
thefe apparatufes confifls of e ^be hoar-looking fnail (4ee alfo 
" Fig. 2.) which is fitted on the a^ia by a round focktpt or p^ie^ 
which focket alfo is fixed (deadtly) the, hoiW tepesding 
^ wheel g (Fig. i and 2,) and (on a round part) the ratchet 
wheel k/ which laft is draiwn by a fpirat fpring k k in the di* 
redtion oppofite to that which is produced by the pallet d (Fig* 

1 and 2) . ^ is the hammer urged by its fpring v outwards, and 
the dehgncr hais,' 1 am forry to perceive» o’mitted' id make g 
fmall tstil from tiie center pin near ^ towards g the hour repeat- 
ing wheel. Now the adtion of ftriking is fimply this ; when 
by turning the pendant dadis upon the fmall pin in e, the wheel 
g with its ratchet wheel ^'are carried round, and the teeth of 
g adl on the tail of the hammer, and give more or fewer firokes, 
according to the number that pafs. 

The number is regulated thus, a (Fig. 4.) is the flar-wheel 
as ufual, and b the hour fnail fcrewed on the fame ; c is the 
dick with its back fpring, and n z is the hour-locking lever, 
which terminates in an hook at z that may be feen in Fig. 2, 
bearing againft the hour-locking fnail e. This hook will evi- 
dently be nearer to or farther from the axis of the locking-fnaif 
e, According to the portion t>f the other end of the lever which 
bears againfi the hour fnail and will confequenlly flop the 
pendant in its motion fooner or later by its oppofition to one of 
the flops of the fnail e. As the flar wheel a is carried regu- 
* brly round by the canon pinion as ufual, its fituation will de- 
termine the number of firokes. 

^ The indant the pendant is let go, the fpring k adls upon tl?e 

ratchet wheel, and rcflores the original fituation ready for 
flriking again. 

After this account of the hours, the firiking of the quarters 
wilt require little explanation, I (Fig, 1 and 5.) is the pallet 
or arm adling (by a reverfe motion of the pendant,} on tho 
locking fnail which carries the contrate w'heel p, for flriking 
the quarters by its adlion, upon another tail r of die hammer ; 

. and the original fituation is reflored by a ratchet wheel O and 
its fpring^ (fee Fig, 6.) 

In Fig. 4. is feen the quarter fnail g with its lever h it, wl^de' 
book for regulating the number, may be fben at D in Fig.'S. 
' and the fnail is prevented from going back by a fixed hook. 
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SCIENTIFIC NEWS, 

, Prize/or the Artificial Campofitim qf Palladium. * 

In confequence of the intiixmtion received by tiie anonymoui 
paper of which a copy k given in the laft number of this^ 
Journal, at page 75, 1 waited upon Mrs. Fortier, who per* 
fonally-atrured me that the bolds the Atm of twenty pounds, 
(which was paid to her by the fame unknown pcrfon who 
placed the palladium in her hands,) under the truA or engage* 
ment to pay the fame to the bearer of the certificate mentioned 
on the faid paper, at any time before Midfummer next; and 
that, if not claimed daring that time, (lie (hall afterwards 
confider herfelf at liberty to repay tlte money when demanded 
by the fame unknown perfon. 

I have therefore requeued Charles Hatchett,i Esq. F. R.S. 
and EdwArd Howard, Esq. F. R. S. to join m^niilf as judges 
of the produ^ which may be made in our prefence, agreeably 
to the before-menlioned paper ; to which propoial they have 
oonfented. And I have no doubt but that the commiflion will 
enable me to prefent to my i;eaders an account of whatever 
may be the refult of this public invitation. 


Prize a<yudg€d at the Lift Public Meeting of the Natioacd 
Inftltute*. 

THE decree of the government. May the 2nd. 1803, that Annual price for 
authorized the Infiitute to accept the capital of lOOOd franks, moft ufeful 
[417 c£.] offered by Lalandc, expreffes, ** that, agreeably to the paperor obArra- ^ 
intention of the donor, the intereft (hould be laid out annually 
in a gold medal, which, or its value in money, (hould be 
given to the perfon, in France or elfewhere, the members of 
the Inditute only cfkcepted, who (liould have made the ob- 
fervation, or written the memoir, that might appear mod 
conducive to the progrefs of aftronoroy.” 

Accordingly, on the report of the committee nominated for Decice4 to 
the purpofe, the phyAcal and mathematical clafs decreed the 
prize to Dr. W, Olbers, fur having difeovered, in the courfe 
of the year 10, the planet to which adronomers have given 
the name of pallas olber/tana, 

tfJcaDiuule Pbihfipbiqui. No, S9* July i803« p. 142* 

the 




mtAt Before this difoomy Dr. Qtben -ep^oyad aonfidaraUe rt* 
'"‘'‘patation awon^ a^^Mnemert; for. a i^ffortsdioh oit'fos nfoft 
e^fy and method of cafoolaUng ^ orUt of a 

coflset i and for die laborious calciitationi and oblimval^ 
Mted made, to te*dHcover Cares, or Piaaai’s {daiMt, vrbfoh 
pa h& he dtdperceife, and was the hrfi to anaoMioe to as. 


TcYiniu fo* 
ciety's prise 
fueftion. I 


TeyUrm Society ot Havlm.* 

THIS fociety has ptopefed the following. <|BeilkNit 
“ Has foe application of pretended fapenmteralpnneiples 
to phyfics coaiprijbut^ to foe progrefs of foe feience I or does 
not ^ hiftoryof this fcience prove oa foe contraiy, that aU 
the progreni made in natural philofopby has bemi owing toohM 
fervations, experiments, foe condufions drawn fioai' foam, 
and matbema^cal calculations and demoi^mtioBS 
IV prize it a gold medal of foe value of 40Q#orina'{jf40), 
juid foe aafwers to foe qaeAiony written in Daechs Imtin, 
French, Englilh, or German, muA be font to foe focicty bc> 
tore the iftof April, 1804. , 


The expIdnatioH qf the JUlyeSs qf the queria R, B. 
ia our Iqfi, (page 11.) are deferred for waU of rodm. 


* L* Decade Fbibfifhiyiu, Mo. 33. Augaft, 1808. p. 382. 
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ARTICLE L 

iiejhription a tiew Steam Digefterfot PhUdpphicat Rtfiarehts^ 

By Sir A. N. Edelcrantz, Caunjtllorqf the Chancery, and 
private Secretary to the King of Sweden: Member (f the 
Swedijh Academy, ipc* 4*^* Communicated by the Authafm 

HE intereding and curious phenomena which this machine SkeellaMtaM 
prefen ted, from its firft difcovery by i^^pin, have always ren- 
dered it a defirable part of the chemical appafatus ; but the ^ 
difficulties and dangers attending lU ufe, have, at the fame time, 
prevented its applications from being fo general, as the impor* 
tance of the objeCt feemed to promTe, Many, and Tome of 
them fiiccersfuY, attempts have been made to adapt this inftru- 
ment to economical and culinary ufes ; but thefe being com* 
monly limited within very few degrees of heat above the boiling 
point, fucli digefters, though they can beufed with fatety, are 
at lead inaccurate in the permanence, and uncertain in the 
determination of the elafficity and heat of the vapours afitng 
in each experiment, which con fequentiy cannot be either pre* 
cife or comparable with others : and though feveral ingenious 
philofophers, fuch as Watt, Betancourt, Smith of Geiden, Van ImgtenmtaU 
Marum, &c. have in later tiroes very much improved their 
fcientific application, enough of iniperfe6lton ftill feeros to • 
remain to prevent their general nfft end to afford foflteient (bopo 
for further improvements! 

^ VoL. VIL— March, 1804. M At 
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VEW STEAM DICESTEH. 


The ufual 
method of 
clofing the di- 
geftcr is faulty 
in many re- 
fpedts. 


'New cover 
which Acs by a 
conical interior 
lur/accy without 
packing* 


JnconvcnVncc 
of this contri- 
vance* 


As long ago as the^ear 1793 I applied my thoughts t6 rettr 
der this inftrumont lefs imperfedli and though I cannot flatter 
m^felf with having fucceeded in any confidcrable degree, a 
lliort account of my attempts may not perhaps be thought quite, 
ufclefs* 

My firft objefl was to obtain a perfect clofure for the digeftcr, 
which is neceflary not only for increafing the heat, but alfo for 
preferving the contents. In foiruer contrivances this has ge- 
nerally been efleded by a metallic cover prefled on tlie top of 
the veflTel by means of Icrews, wedges or other mechanical con- 
trivances, with a circular piece of leather, paper, or other foft 
material between both. I alfo tried thefe methods in a great 
variety of w'ays, but always found fuch covers either leaky, on 
applying moderate preflures, or ulien the preflure was ftronger, 
too cumberfome for a courfe of varied and repealed experi- 
ments. Befides which, at the degree of 26*0 or 270® Fahr. 
the leather, as obferved before by Mr. Betancourt, is commonly 
decompofed or burnt, and linen or paper ceafe to clofe at a flill 
lower temperature; as fooaas the moilhire, they are imbibed 
with becomes converted into vapour. I thereiore ufed another 
cover of a particular kind, confiding of a thick circular plate, 
with its edge turned conical, and ground to fit exa61)y in th^ 
under fide of a metallic ring of the fame conical form, folded 
to the mouth of the digefier, in winch the plate was previoufly 
included. When the vellel was ready for experiment and the 
plate lifted up fo as to apply to the ring, it clofed as exactly as 
could be defined, and the increafed force of the fleam, which 
tends to render other covers defeflivc, had in this a contrary 
effeft. Two diificulties were thus overcome, tliat of a cum- 
berfome preffing apparatus, and the infufficicncy of packings; 
but as the circular plate in this con(lru6tion w^as made to re- 
main conflantly in the digefler, 1 found that though it was laid 
near the fide of it, in fome experiments this mode was attended 
with an inconvenience which I was defirous of removing. I 
fucqeeded by making another circular ring, turned with both^ 
fides conical, to be put between the circular plate and the open* 
ing of the digefter, fitting exadly to each of them. This ring 
a b, Fig, 5, Plate IX. pafles over the cover cd, when both arc 
low ered, the ring remaining in the digeflor ; but the circular 
plate is taken out through the enlarged opening ef. Though- 
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I had by this contrivance/ in a great meafure diminifhed the 
inconveniences^ yet the intermediate ring remaining in the 
veflTel, and the increafed difficulty of executing a more com- 
plicated indrumenl, urged me to attempt fome other more ex- 
peditious mode of clofing. 

I (hould almofi be afliamed to confefs that the moft (implc Simple snd moft 
and, as I prefume, the beft contrivance of alb did not occur accurate dofuic. 
to me before I had tried the more complicated ones ; if many 
refpedabie examples had not proved that the eafiefl and ftiortefl: 
method is often the moll difficult to find. The reafon is obvi- 
ous: Simplicity, like truth, is only one; the bye paths of 
error are innumerable. 

This method confifls in making the cover (imply an oblong, Defcripiion of 
Iquare, or oval plane brafs plate, accurately ground againfi the it is 

inferior furfaceof a fimilar frame of the fame metal, fixed and 
foldered to the opening of the digeder. This frame has an lurface w'uhia* 
oblong aperture, through which the cover may be put in or 
taken out at pleafure. When put in and prelTed gently againfl 
the frame, it will by the means of a little oii,t have adhefion 
enough to bear its own weight, till the fleam begins to a6t, 
which will clofe it perfectly. But for greater fecurity afmall 
piece of wood, fixed with a ferew, will keep the plate joined 
to the frame, and ferve at the fame time as a handle. Fig. 1, 

Plate IX. reprefents the longitudinal fedtion of the whole in- 
flrument, with all its parts; abh the covering plate, ground 
and fitted againfl a fquare metallic frame cd, foldered I to the 
veflTel at c/, which ought to be made of hammered copper at 
leaft If- line thick, fig, 2 is the Iranfverfe fedtionof the fame 
apparatus, and Fii;, 3. apian of the brafs plate, where the dot- 
ted lines mark the opening of the frame cd, Fig, 1, and the * 

* The digefter with a conical plate, and thefafety-pifton deferibed 
below, firft executed in Stockholm, 1793, was exhibited to the 
members, of the Royal Society in Berlin, in Feb. 1802; and a dc- 
feription of it, printed in the Obfervations Phyfiques of Mr. Dela- 
metherie, Feb. 1803. 

j* The different force of adhefion of the fame metal, in employ- 
ing different oils, is remarkable, and may afford a field for future 
inveftigation. • 

% Befides fulderlng, the parts fhould be joined together with rivets 
at ferews. 

M2 


part 
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StBAM DfGESTElt* 


FeculUr fafety 
▼live by which 
the pre^ure may 
be regulated* 


Condition! for 
accurate experl > 
ment with the 
dlgefter. i. To 
know the tem- 
perature. a. 
To command 
the heaty and 3. 
iTo render It 
Aeady though 
the ixt be not 
lb. 

The temper- 
ature meafured 
by a thermome< 
ter. 


part covered by the fame. Fig. 4. h i is the wooden bundle 
turning round the ferew^ g. Fig. 1 , 2. to conned the metallic 
planes. It is a kind of button or key. 

My next object was to render the inftrument fafe, and to 
place the operator’s mind independent of any apprehenfion of 
fatal accidents. For this purpofe, (betides the (Irength of the 
veflel and its different parts^ which ought to be as folidascon* 
veniently can be made^) a metallic cylinder mn is fixed to the 
plate a b, to the inferior open extremity of which a metallic 
fphere tn b, perforated with fmall holes, adheres by mere fric- 
tion, allowing the vapour, but not the folid or other matters, 
to pafs into the cylinder, which contains a folid pifton Aro, made 
of the fame metal * and exa6l]y ground into it, fo as to fink 
down by its own weight if lifted, without however permitting 
the vapour to efcape. This vapour when heated to a certain 
degree, will raife the piflon above one or more of the capillary 
holes j A*, on the fide of the cylinder and then efcape. The piflon 
will remain flationary or ofcillating at a height, where the 
quantity of fleam efcaping is equal to the quantity produced 
in the fame time by that fire, confequcntly at a low point if 
the fire is weak, or, if the fire is intenfe, at the top, where n 
larger hole prefents a compleat iffue to the fleam and prevents ^ 
the poflibility of accidents. 

To adapt the inflrument thus conflruc^ed to exa£l and com* 
parative philofophical experiments, three things feem to be 
^required: 1. to afeertain the degree of heat of the interior 
- fluid contents f by a thermometer; 2. to increafe that heat at 
pleafure; and 3. to fix it invariably, if it be deiired, inde- 
. pendent of the poiflble increafe of the lire, during the courfe 
of the experiment. 

The firfl is obtained by means of a fmall Iron cup p foU 
dered into the plate, and containing fome mercury. A fine ther- 
mometer paired through a cork, being fixed in the cup, the 

* * Gieit care fhould be taken to make both of the fame metal, for 

in one inflance when I had the pifton made of the fame brafs with 
the cylinder, but of another day's calling, this infinitely fmall dif- 
ference was ftill fuflieient to produce a different force of expanfion, 
in confequence whereof the pifton, which moved freely at 212% 
cffe d to move, and.was quite faftened at 260^. 

t It is perhaps fuperfluous to obferve that a digeftor is only in- 
tended for experiments with fluids or bodies furrounded with them, 
aod confequintly never contains materiali in a dry ftate. 

degree 
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degree of heat is eatily obferved on the (lem. This degree 
will not be cxa6tly the fame with that ot‘ the interior fpace; U 
fliews always fomewhat lefs, which was long lime ago ob- 
ferved by Mr. Braun of the academy of Peterlburg; but the 
difference is fmaib and being once afeertained, by experiment 
made on purpofe, a due corre£lion, by adding that difference, 
is eaiily made. 

The heat is communicated in my apparatus by a common The heat |iveii 
Argand'slamp, which was always found fulhcient and of which * ^®*”*’* 
the effedl may be regulated by the pinion of that inflrument. 

If time be an obje6t, or if the digetter is much more than 
double the (ize of Fig, ]. the fcale of which is one third of the 
real fize, two fuch lamps may be applied. But a lamp with 
Ipirit of wine and three wicks will fupply tire enough for a tem- 
perature of 270 or 280 if the digeOer be fmall and exaf^ly 
clofed. As the atmofphere continually takes away a part of 
the heat communicated to the veffel, it is only the diflerence of 
the communicated and diffipated heat which a£ts on the fleam, 
and determines the limits of its force, when the fire is weak, 
and the digefler of a large (ize. On the other fide, the heat ThehtstlieeN* 
of the interior fluid and the clafticity of fleam correfponding to ^iTing^wcight 
k, cannot, after having lifted (he pifloni be encreafed by a he nvt ^hanged, 
continued fire or by a greater number of lamps, but remains 
from that moment confiant, which Teems to be a particular 
property of this conflruflion. A farther incrcafc of heat, a^ 

(he 2d. defideratum, can only be obtained by oppofing a greater 
refinance to the a^ion of the vapour beneath the furface k, 
which is performed by loading the piflon with one or more of 
the weights r r. Fig, 1 • Thus we may either add new weights 
progreflively, till the thermometer indicates the degree of heat 
required, or knowing by the former experiments of philofophers 
the correfponding ratio of increafed prefliire and heat of elaflic 
fluids, we can load the pifton at once with a weight propor- 
tional to the intended heat and the furface of its bafe k. This 
will then rife as foon as that degree is produced, and allowing 

the fleam to efcape from one or more of the holes * prevent What Is the 

(econd condi* 

* By whit is faid above It is evident that the height of the plllon, 

•r the number of the holes open to the fleam, is of no confequence, 
k being always comprefTed by the fame weight, and a5ling with the 
elafticity. The quantitj produced is only differenu 


any 
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any further increafe of the heat, which will remain invariable 
as the third clefideratum required.* 

Very great dif- Here it feems proper once again to infill upon the great ira- 
fmp* rlvft cio- of a ported clofure in this intlrument. If the heated 

fure of the di- fleam, by inaccuracy in the conllrudlion, is permitted to 
geftor. cfcape, not only a great part of the contents is wafted with- 

out any ufe, before the experiment can be faid to begin, which 
fometimesobliges us to open thedigefter and fill it a fecondtimep 
but even fome of the materials may be altered and decompofed 
before the intended effect can take place. Snii more, very 
often in fuch cafes, a ftrong kitchen fire, with the greateft 
exertions of the operator, (not to mention the trouble and 
inconvenience of fuch an operation) is infufficient to afford 
the degree of heat, which a fingle lamp, placed with the ap-« 
paratus on a fmall writing table, would produce with eafe, and 
without wafte of the materials. 

In the prefent ftate of natural philofophy, the progrefs of 
the fcience feems to depend in a great meai'ure on the perfection 
of our inftru meats. In this point of view the preceding attempts 
to render a little ufed but very excellent machine more fafe» 
exadl, and convenient f, may, if it thou Id not anfwer that pur- 
pofe, at leaft give rife to other more fuccefsful improve- 
ments, 

• A fliort defeription of this contrivance was prefented to the 
Fhilofopbical Magazine in June, 1803, and fubliflied in December 
the fame year i but by the ufe of the woid pij^on inRead of di- 
gejier in a note, an erroneous ftatement is given in tlie printed 
account, which, however trifling it may appear, it is proper to cor- 
ie£l, as this part of the inftrument has not been changed at all, fince 
it was firft made and known in Sweden ten years ago. In the 
fame paper I propofed the ufe of it for regulating the fire in boilers 
of fleam engines, &c.— and its effect as a regulator, both of the 
fo fwer of the fieam, and the intenjity of the fire, depends entirely 
upon the weight being conftant and in<vartahle in the whole motion 
of the pi flan. 

t Digefteis, as defciibed in this paper, are made by Mr. Fidler, 
mathematical i n ft rument maker, 23, Oxford-iriarket, London. 
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Jnvcjiiqaiwn of arlain Theorems relating to the Figure of the 
Earth, By John Playfair, F, 22. S, Edin. and Prof for 
of Mathemaiics in Ihe Univerfity of Edinburgh, 


(Concluded from Page 1 16 ,) 


21. /I REMARK, that is in no danger of being reckoned 'Tl'is methoil by 
hypothetical, is, that the conclufion derived from the c'oinpa- 
rifon of degrees of the meridian, with degrees of tlie circle i5>morc err ne- 
perpendicular to it, becomes of neceflity more liable to error uiitudf 
as we advance into higher latitudes. The reafon is, that 
whatever error is committed in determining the magnitude of 
D, mull be multiplied into the fquare of the fecant of 
the latitude, in order to give its full efiefl in changing the 


value of the fradlion — . 

a 

rD'- D 


For it has been (hewn that ^ = 

a 


5 if we fuppofe the error committed 

in afcerlaining D to be in all cafes the fame, the error 
D'— D 

of the fradion — g; — ndll alfo be in all cafes nearly the fame. 


the denominator D' being but little afTcfted either by the fup- 
pofed error, or by the change of latitude. But this error, 
whic h may thus be confidered as a conflant quantity, when 

... 1 . . . ® 
inuhiplicd into — fee gives the variation or error in-, 

which erroi therefore increafes, ceteris paribus, as tire fquare 
of the fecant of the latitude, fo that, on approaching the pole, 
it increafes without limit, and is ultimately infinite. Compa- 
rifons of this kind may therefore be expedled to give refults the 
jnoie accurate the nearer they are to the equator, under which 
circle they will be the moft accurate of all. Here, again, 
however, another circumftance muft be taken into confidera- 
tion, viz. that (he method of afeertaining the drflferences of 
longitude by the convergency of the meridians, fo convenient 
in fiirveys of this kind, is applicable only in high latitudes. In 
a trigonometrical furvey, therefore, of a country lying much 
farther fouth than Britain, a different method of afeertaining. 
the longitudes of places muft neccflarily be adopted. 

22. The 
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ToAetern^st dS. The theoremSj which were next propofed to be confi- 
dcfcd* Ere thofe that determine the figure of the earth from the 
Cues ci the per^neafares of degrees of the curve perpendicular to the meridian^ 
different latitudes. For this purpofe let D' be a degree of 
one of thefe curves^ in the latitude <p\ and a degree of one 
of them) in anotlier latitude Then c being the comprefGonj 
as before, we have by § JS. a + c fin 

and alfo »iD"= a c Gn *<p". 

Hence m (D'— D^') = c (fin fin and 

r m(D'-D") 

therefore c — r'-Tjr / — : — 
fin^r-r-iin 

This formula may be rendered more convenient for calcula-r 

1 — cof 2^^ 

Uon, by confidering that fin — ;; , fo that 




1 1 + cof 2^" 

fin fin*?>"= 2 ?= 

r But cof 2?>"- cof 2^'= 2 fin x 

fin (♦'— wherefore fin fin fin (?'+<?") x 

fin (♦'- <P'0. and c = f,» ^ , V fi,. (^-Fr 

23. In the fame manner, bepaufe mD'=: a c fin by 
fubfliluting for c, we have 

. «(D'-D")fin'« 

® + fin (?'+ f") X tin ((;»'- <P*)’ 
wfO'-Tyifin*!? 

*= "■ 4n (♦' + r)xfin CP'-F)' 

24. Lafily, fince miy = a c fin *9', 

and mD"ss a -|- c fin 

dividing the firft of thefe equations by the fecond, and reject* 
ing the higher powers of c, we have 

J + ^ (fin 4^^ ^ fin and tharafore^ 

a W'~ * 
a ” fin *(f'-6n *9"’ 

ly 


fin (V— and c = • 


»“ fin ((P' + r) X fin W- f 0 * ^ conveniantly for 

CTiwbife. fcy bpriiiim., ; = p,/|i, y 

?4, We 
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25. We may compare this value of - with that obtained in To dererminc 

® the hguie of thv 

$ 18. from other data, in order to determine which of the two frommca-* 
^ furei of ihe p«r<^ 

methods of is to be preferred, under irivcn circum- m 

^ a ® different bUw 

fiances Supnofe, for inftance, a degree of the curve perpen^ 
diculai to the meridian, in the latiluoe to be ly, and a de- 
gree of the meridian itfelf in the fame latitude to be it is 
reqnir<td to find in what other Uiitode a degree D'', per- 
pendu ular to the meridian, mull be meafured, in order that the 
companfon of D' and D", and of D' and A, may give values 
c 

of in which the probable error is the fame. 

Here, agreeably to an obfervation already made, we may, in 

c 

order toefiimate the error produced in •j, in confequence of 

an error in the determination of and and A, fuppofe 
the error to afTefl D'— D", or D'— D'' only, without paying 
any regard to the variation of in the denominator. There-r 

^ j^/ ^ 

fore, fince by § 18 we have - = and again by §24» 

c D'— 

ff. = *"®" '^®' 

lerinining D'— A, and D'— D", and alfo that thefe are the only 
errors, their efFefl will be the fame, in both cafes, if 2 cof 
= fin fin *?>''). Now, if we fuppofe the quantity 

fought, and add cof to both fidcsof the preceding equation, 

^hen 3 cof = fin cof — fin 1 — fin ^ 

cof The latitude therefore muft be fuch, that cof . 

n \/ 3 X cof If, therefore, be fuch that cof ?' ~ 

the cofinc of will be z: 1, and therefore zi 0. Now, 

V 3 

54® 44* is the arch of which the cofine nearly, therefore 

if a degree of the meridian, and of the perpendicular to it, be 
meafured in latitude 54® 44^ the comparifon of ihefe with one 
another will give a refult as accurate as if the degree of the 
perpendicular, in that latitude, were compared with the de- 
gree at the equator, and more accurate of confequence, than if 
^ny other degree of the perpendicular to the meridian, were to 
bp pppparedwith P*. 

26. Hence, 
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To determine '26. Hence, alfo, the comparifon of the degree of the ’men- 

perpendicular to it, in thefouth of England, is 
fares of the per- better than if a degree of the perpendicular meafured in that 
pedicular in latitude were compared with a degree at the equator. For if, 
equation cof iz: (cof ^') X 3, we make (?>' n: 
50® 41', (or any thing lefs than 54® 44',) will come out 
impothble. 

27. It may be (hewn, too, nearly in the fame manner, that 
if a degree of the perpendicular to the meridian were meafured 
in Siberia, as far north as the latitude of 7(.®, fuppol'ing that to 
be pon[ible,and compared with a degree in latitude 45®,, oi even 
conllderably farther fouth, it would not give a refull fo exa£l as 
the degree of the meridian and perpendicular meafured in the 
fouth of England. This fliews, that the method of afeertaining 
tlie figure of the earth, propofed by the authors of the Trigono^ 
metrical Survey, (PhiL Tranf, ibid. p. 529) as a fubjedl of 
future inquiry, is lefs exa6l than that which is founded on their 
own obfervations. 

whftner the 28. We may alfo afcertain, by the fame means^ the relative 
comparifon^ni a accuracy of the method of finding the figure of the earth, from 
rnmd. and perp. tbe comparifon of a degree of the meridian with a degree of 
in famclAt. hc- the perpendicular in the fame latitude, and of the method of 
-hain Tcfolving the fame problem by the comparifon of two degrees 

rncrid. cicfrs. in of the meridian in different latitudes. 

uts. D be a degree of the meridian, and D' of the per- 

pendicular, in latitude and if A be a degree of the meridian 
in a different latitude it is required to find whether the moft 

c 

accurate value of — will be found, by comparing D and D', or 
D and A. 

Since we have, by whal has been already ffated, ^ 4. 

7nD = a — 2r + 3c fin and 

7wA = a — 2 c + 3c fin we have alfo 

J) 

— = 1 + ~ (fin — fin •if') and therefore. 

c _ D — A 

a““ 3 a (fin fin*<?y 

• Now, it has been already (hewn, that, by comparing D and 
c 

D' wf; have - = Suppofing, therefore, equal er- 

rors to be committed in the determination of D — and oi 

D* 


Whftner the 
comparifon ni 
degree of the 


more accuiate 
than that of 
mcrid. cicfTS. in 
d.flctejxt uts. 
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ly — and alfo paying no regard to the inequality of A and 
V* in the denominators of thefe fradions, as it is notfo great as 
materially to affed the quantity that is fought for here> we (hall 

have the errors in - nearly the fame in both formulas, when f 
a ^ 

and ^ are fuch that 2 cof *? = 3 fin — 3 fin or when 

2 

- cof = fin fin *(p', that is, adding cof to both fides, 

3 

jCoC fin + cof — fin and, therefore. 


jcof^ 


^zz 1 — fin cof or cof z; (cof ^ • 


But v'- is the cofine of 


29. If, therefore, cof ?>ZZ v^- , cof 1, that is 

5 

fo that the fecorid of the degrees of the meridian, mufl 

o 

in this cafe be under the equator. 

39® 14', in vvhich latitude therefore if D and D'be meafured, 

(he refult, by comparing them with one another, is as exaft as 
if D were compared with the degree under the equator. 

J-Ience, if D and D' are meafured in a lower latitude than the 
above, the refult will be more exaft, than if D were compared 
With the degree at the equator. 

If we luppofe D and D', meafured in the fouth of England, 

I’o that (p = 50® 41 then we will have 33® 7', fo that D 
inufi be compared with a degree of the meridian as far fouth as 
3^j® 7', in order that the refult maybe as good as when D and 
D' are compared with one another. 

From this it is evident, that the method of comparing de- The former me- 
grees of the meridian, and perpendicular in the fame latitude, thod^is preferable 
has even an advantage over the comparifon of degrees of the o" the meu^be 
meridian in different latitudes, unlefs thefe lad are taken at a afundcr. 
confiderable diftance from one another. 

In this way may many ufefu! conclufions be derived con^ 
cerning the degree of credit due (o meafurements already 
made, as well as with refpedl to the fele^Iion of the places 
where they are to be made hereafter. On thefe I fhall enter The former me- 
no further at prefent, and (hall only add, that, befides the ad- 
vantages or difadvantages which the method of comparing to- obfervers and 
gether degrees of the meridian and perpendicular in the fame inftru- 

latitude has^ and which are fubjeds of calculation, it has an- 

other 
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other advantagCj which in (he cafe of theBriti(h furvey is un* 
doubtedly very great, viz. that all the data are furnifhed from 
one fyftem of trigonometrical operations ; executed according 
to the fame plan, witli the fame inftrumenbt, and by the fame 
obfervers. 

30. One other application of geometrical meafurements to 
difeover the figure of the earth yet remains to be confidered. 
paring aiTarc of This is the comparifon of an arch of the meridian with an arch 
^c^mer. with 1 ^of a parallel of latitude w'hich erodes it. The meafure of a 
w fime la. parallel of latitude can be executed readily, and is not confined 
to a fmall arch, as in the cafe of a perpendicular to the meri- 
dian. The plumb-line, while it is carried along the circum- 
ference of a parallel to the equator, tends continually to the 
fame point in the earth’s axis, fo that there is no difficulty in 
afeertaining the amplitude of the arch meafured, providing 
there be no unufual diAurbance of the'diredion of gravity. 
As an arch of a parallel to the equator, however, is not tlie 
fhorteff line between two points on the furface of the fpheroid, 
the meafurement along that furface will not give the length of 
the arch truly. To obviate this difficulty, it is only necelTary to 
follow the method fo properly introduced into the Trigonome^ 
trical Survey^ of reducing the meafures, both of lines and 
angles, to the chords and to the planes of the redilineal tri* 
angles contained by them. In this way, the chord of an arch 
of a parallel of latitude may be determined, however great the 
arch ; and it is worthy of being remarked, that, whatever be 
the defledions of the plumb-line at the intermediate flations, 
when the redudlons are all properly made, the length of the 
chord meafured will not be affeded by them ; the amplitude 
of the arch indeed may affeded by fuch defledions, if they 
happen at its extremities ; but the effed of this error will be 
rendered tlye lefs, the greater the arph that is meafured. We 
may fuppofe, therefore, that (he phord of a large arch of a 
parallel of latitude js meafured, and the amplitude of the arch 
itfelf at the fame time accurately afeertained. This laff may 
be done, either by meafuring the convergency of the meridians, 
if it he in a high latitude, or by any other method of afeertain- 
* ing differences of longitnde which admits of great accuracy. 
The chord being thus given in fathoms, and the arch fubtended 
by it being given in degrees and minutesi the radius of the 
parallel itfelf becomes known, 

31, NoW| 
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the €Mth*s 



KfeLATkKG TO THE FlGt/RE Ct TllE EARTH. 


3 1 . Now, if we would compare the tadius of a parallel thtis To t^ettrmine 

found, with a large arch of the meridian, we (hall have by that corn- 

means a determination of the figure of the earth, not lefs to be paring an arc of 
relied on than that given in the begintiing of this paper. 

The invedigation is eafy by help of the theorems in § 5 and 6 . in fame hit. 

Let FO be the radius of a parallel to the equator^ which palfes 
through F, the latitude of which is 0 , and is fuppofed known ; 
and let FO found by the method jud defcribed be r: r, then, 

. fl* cof ^ a cof 

5 4. r ^2 V (pt z' ' ! * 

^ -r r 

a 

according to the method of redudion followed in the pre- 
ceding articles of tliis paper. Then, becaufe — — fin 

a 

— 1 nearly, we have rzTa cof ♦'(! -|- - ( 10 $*)=: 

M oof 9 -f- c fin cof or if we divide by cof 0, — z: a + 

. col ^ 

^ fin Let — ^ = /, then Z = a e fin 

co( ^ * 

32. Again, if and are the latitudes of the extremities 
of an arch of the meridian, the length of which has been mea- 
fured, and found m Vf then, according to § 3 we have 

/'=«(♦" - (PO +i- (fin 2 p" - fin 2 P')). 

If, therefore, m be the coefficient of a, in the former equatioi|, 
and n the coefficient of c ; and if rnf be the coefficient of a, in 
the latter equation, and n^ of c, we have, as in $ 6 . 

nfl — nV . m'l — jwZ' ^ 

G Zr — 7 T-pandczi" ■■■■ or fince m :z 1 , 

mn — mn nvnr — mn 

w'/ — nV , T/i'Z — c 7/// — f' 

a~— 7 ", andczi ” ■ ' alfo - — — 

n ' — 711 n 71 — 7 n^n « nfL — fd* 


33* In this way of determining a and c, the parallel of lati- 
tude may either interfed the arch of the meridian meatiired or 
not. If it interfed that arch, this method may have the fame 
advantage that was taken notice of in another folution, viz. 
that the whole of the data may be ful-niflied from the fame 
fy fiem of irigonometrical operations. Thus, in tlie furvey of 
Great Britain, an arch of five or fix degrees of a parallel to 
the equator might be meafured, and compared with the whole 

length 
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To determine 
the earth's 
figure by com- 
paring an arc of 
the mer. with 
that of a parallel 
in fame lat. 


length of the meridian, comprehended between the Aorthern 
and fouthern extremities of the ifland, amounting nearly to 
nine degrees. 

It is plain, from what has already been faid, that the refult 
deduced from this comparifon would poflefs every advantage, 
and would be entitled to more credit, than any determination 
of the figure of the earth that is yet known. 

34*. On the fuppofition that, in a furvey of a country, the 
meafurement is made along a feries of triangular planes, all 
given in pofition and magnitude, there is yet another method 
of determining the figure of the earth, more general than any 
of the former. On the fuppofition juft mentioned, it is evi- 
dent, that the length of a ftraight line or chord, drawn from a 
given angle of any one of thefe triangles, to a given angle ot 
any other of them, may be found by trigonometrical calculation. 
Let the latitudes be obferved at the extremities of this chord, 
and alfo the ciitFcrcncc of longitude ; then, from the nature ol 
an ellipfoid, the length of this fame chord may be expreflfed, in 
terms of the axes a and h, together with the latitudes of the 
extremities of the chord, and the difference of longitude be- 
tween them ; and this expreflion being put equal to the length 
of the chord meafured, will give an equation, in which all the 
quantities are known, except a and h. Further, if a = ft -}- c, 
and if the faid expreffion be reduced into a feries, with the 
powers ofe afeending, that feries will converge very rapidly, 
becaufe c is frnall in refpedt of a; then, for a firft approxima- 
tion, we may reject all the terms that involve the powers of c 
higher than llie firft, by which means we ftiall have a fimple 
equation of the form ma nc = I, where m and n are fun6tions 
of the latitudes and difference of longitude, and I is the length 
of the chord. 

Now, if a fimilar equation be derived from the meafurement 
of any other chord, thefe two equations will give a and c in the 
fame manner as in § 6 ; and thus, from the meafurement of 
any two chords, the figure of the earth will be determined. 

35. The length of the chords, thus meafured, ftiould be 
great, fo that they may, if poffible, fubtend angles of feveral 
degrees, and their pofition will be moft favourable when one 
of them is in the plane of the meridian, and the othw nearly 
at right angles to it. The numerical computation will be 
found lefs laborious than might be imagined j but the com- 
plete 
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pletc folution of the problem, and the full detail of theinvefti- To determine 
gation, I am under the neceflity of delaying to foiue future figure, by a 
communication. general method 

There Teems to be but one difficulty of any conTcquence that tdangic*. 
(lands in the way of this method of determining tjbe figure of 
the earth. It arifes from this, that the afeertaining the portion 
of the fiippofed feries of triangular planes relatively to one 
another, involves in it the allowance to be made for the ter- 
relhial refra61ion, which it muft be confefTed is not accurately 
known, and is the more difficult to determine, that it is una- 
voidably combined with the irregufarities in the dire6lion of 
gravity. It is poflible, indeed, to feparale thefe two fources 
of error, but not without a fyflem of experiments inflituted 
diredlly for that purpok*. 

' 3d. The determination of the difference of longitude, which 
enters neceflarily into this problem, except in the cafe when 
both chords are in the diredlion of the meridian, muff alfo be 
performed witii great accuracy. Among the different ways of 
doing thivS, that which proceeds by obferving the convergency 
of the meridians, though (he beff accommodated to the nature 
of a trigonometrical furvey, is not the leaf! liable to objedion. 

For, not to mention that it is only pradicable iu high latitudes, 
we muff obferve, that it always implies a corredion on account 
of the ellipticity of the meridian, which is therefore necefTarily 
hypothetical, and depends on tlie very thing that is to be found. 

This inconvenience, however, may be obviated by repeateil 
approximations, and by an accurate folution of Jpfierotcial 
triangles. On thif latter fiibjed it was my intention (o oUIt to 
the Society feme theorems, that contain more dired and luller 
rules for this kind of trigonometry than any that I have yet met 
with. I am under the necefhly, however, of referving thete, 
as well as the folution of the problem above-mentioned, for the 
fubjedts of foine future communication. In the mean lime, I 
think it is material to obferve, that the principle laid down by 
Mr, Dalby, viz. that in a fpheroidal triangle, of wdiich tlie angle 
at the pole and the two fldes are given, the fum of the angles at 
the bafe is the fame as in a fpheiical triangle, having the fame 
fldes, and the fame vertical angk?, is not ftridl} true, unfefs • 
the eccentricity of the ipberoid be infinilely fmall, or the 
triangle be very nearly ifofceles. The application of the prin- 
ciple may therefore lead into error, unlefs it be made with due 
5 attention 
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attention to thefe refiridllons. The gentleman^ juft nam^c^^' 
will forgive a remark^ which I certainly ihould not have inadei 
if I had been lefs interefted tor the fuccefs of the work, in which 
he has afljfted with fo much abilit)'. 


IIL 


Emjuii'ies concerning the Nature of a Metaltic Subjianre latelf 
fold in London at a new Metal, under the Title of Palladium ^ 
% Richard Chbnevix, Esq. F. H 4 S. andM. R. I. A.* 

C Concluded from page 1 01 . J 

EXPEtllMKNTS TO PROVE APPlNlTY AMONG THE METALS^ 


Inftances of Exp. 1 . 1 diflblved one hundred grains of filler in nitric 
affinity in metals precipitated b^ neutral muriate of platina. The 

by^muriate*of precipitate, W'ell wafhed and dried, was of a bright ftraw* 
platina carried coloui*, and weighed 147 grs. Reduced in a charcoal crucible, 
cen^t” of the* yielded a button weighing 121 grs. and of the fpecific gra- 
metal. vity of 11,6. The difiercnceof weight, betweer the original 

hundred grains of iilver and the 121, was owing to 21 grains 
of platina, which had been drawn down in precipitation along 
with the filvcr ; by an Affinity for that metal. This alloy is 
acted upon by nitric acid, and a great part of the plalina is dif-' 
folved along with the filver, nor is it very eafy to feparate them 
by the coinmtm methods. 


ed in am^'cam 
by green fuK 
phate* 


Mercury and 


Mercury and Exp. 2 . I diff<»lved one hundred grains of filver In nitric 
filver precip'itat- acid, and added about 1200 of mercury. I poured the mixed 
folulion into a folution of green fulphate of iron, and obtained 
a very copious precipitate. When wafhed and driedi it weigh- 
ed 939, and was a perfect amalgam, in ihe due proportion of 
mutual faturation. Its fpecliic gravity was 13,2; but no mer- 
cury remained with it after expofure to heat. 

Exp. 3. 1 dilFolved one hundred grains of gold in nitro- 

gold precipitated muriatic acid, and added to it about 1200 grains of mercury- 
gave^rfiiie bluc^^ Green fulphate of iron, poured into this mixed folution, cauft;d 
anetallic powder, a precipitate weighing 874. It was in the form of a fine blue 
‘ powder, not refembling an amalgam, though wholly metallic- 
Its fpecific giavity 1 could not afeertain ; but all the mercury 
was expelled by heat. 

The re-agents which I ufed in the fpllowing experiments, 
were recent muriate of tin, and green fulphate of iron. To 
2 bring 


Experiments 
with ri-ccnt mu- 
riate bf tin, and 
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bring the examples of anomalous precipitations, in mixed fo- green fuiphatt 
lutions of the metals, more clearly into view, it will be ** 

ceffary to (late the action of thefe falls, upon a folutiun of 
each metal when feparate. 

By recent muriate of tin we have, with a folution of 
the well known purple of Catfius. With platina, the colour^,f 
of the liquor is much heightened. With mercury, there is an««8«fgo d, 
total reduction. With copper, a redu6tion from the l^l^^'k 
oxide at 20 per cent, of oxigen, to the yellow oxide at 1 1,ja i me acid, 
percent, of oxigen. With arfenic acid, a reduction to 
Hate of while oxide. With filver, with lead, with antimony, 
lio reduction. Green fulphale of iron reduces none of the g«cn luipbatfe 
metallic folutions, except thole of gold and filver. tionof gold ani 

When mixed folutions of the metals are expofed to the filver oniy. 
action of recent muriate of tin, or of green fulphale of iron, 
we have the following refults. 

luperimcnla V, 5,6,1, and 8. Muriate of tin, poured into Exp. with mixed 
a mixed lolulion of gold and mercury, precipitates both metals 
together; and there are no traces of the purple. Mixed fo- lagent. 
lutions ol gold and antimony, alfo of gold and arfcnic aci 1, 
arc aded upon in the fame manner. Mixed folutions of gold 
and copper, alfo of gold and lead, afford refults iimi'ar to 
thofe of eacii metal when feparate. 

Experwients 9, 10, II, 12, and 13. With a folution of platina 
and arfenic acid, muriate of tin gives no precipiiate; but the 
colour of the liquor is more heightened than if the platina had 
been alone in folution. Platina and antimony give a precipitate 
by this re-agent, after Banding fome lime; but the effedl is re- 
larcled by the excefs of acid in the folution of antimony. Pla- • 

tina and copper, alfo platina and lead, are aded upon as the 
feparate folutions of thefe metals. Platina and lilver are 
precipitated together by green fulphate of iron. Green fulphite 

Experiments 11, 15, K). Mercury and copper, mercury and 
lead, alfo mercury and arfenic, are precipitated in the metallic 
Bale by recent muriate of tin. 

From thefe experiments it is evident, 

1 B. That gold has an affinity for mercury, for antimony^ tjpduaionii of 
and for arfenic. 

gold iltd mer- 

2d. That platina has an affinity for filver, for mercury, and cury* antimony^ 
for antimony ; and that it is influenced by the preftijce oi 
arfenic. cury, antimony} 

3d. That filver has an affinity for mercury, fiiver.unH mcr- 

Voi. VII.-March, 1#»4. N 

arfenic. 
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Mixed folutlons 
of more than 
two metals are 
more ftri Icing 
and more com- 
plex. 


£xp« on platina. 


Platina diffolved 
precip. by lime ; 
rediffolved in 
nitric acid ; the 
acid expelled 
irom the oxide 
by hcitj oxide 
1 educed by 
fi raplc ignition. 


4th. That mercury has an affinity for copper, for lead, and 
for arfenic. 

-This feries of experiments is not intended as a fyftem of 
metallic affinities ; but as a few fadls flated to corroborate an 
alTertion, 1 am well aware that many others might be noticed ; 
but it is not my intention to enter further into this fubjedl, in 
the prefent paper. The general importance of the principle, 
and the extenlive influence it is likely to have upon cheiuiflry, 
demand that it fhould be treated by multiplied lefearchcs. 
The experiments that can elucidate it are of the motl delicate 
nature, and require peculiar care ; for they do not always 
fuccepd, unlefs performed under the moft favourable circum- 
fiances. 

When mixed folulions of three or more metals are expofed 
to the adion of recent muriate of tin, or of green fulphate of 
iron, their action upon each other appears in a much more 
flriking, as alfo in a much more complicated point of view. 

EXPERIMENTS UPON PLATINA. 

I fhall now ftate foine experiments which I have had occafion 
to make upon platina, during the foregoing refearches. Very 
little is known concerning this metal, its oxides, or its falts; 
and, although I have not had occafion to extend the enquiries 
very far, yet my experiments may ferve to eftablifli a few 
points. 

I difiblved a quantity of purified platina * in nitro-muriatic 
acid, and precipitated by lime, A great portion of platina 
remained in the liquor, although I had ufed an excels of the 
above earth. I reditfolved the precipitate in nitric acid, and 
evaporated to drynefs, Thercfult was, a fubnitrale of platina. 
1 then expofed the niafs, in a crucible, to a lieal capable of 
expelling the acid altogether; and the oxide remained alone. 
When tills was reddened, at a heat which certainly was not 
capable of melting filver, the oxide was reduced, anti ap- 
peared with a metallic luftre. The weight of the various 

* By purified platina, I have always underftood, in this Paper, 
j.laLina reduced, at a gentle heat, from the fait obtained by pouring 
a concent! ate folution of muriate of ammonia into a concentrate fo- 
lution of platina. 


products 
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proda6ts, in the above experiments, was fuch as to give the 
folk)wing proportions to the oxide, and the fubnitrate of 
piatina. 

Yellow oxide of piatina is compofed of, 

Piatina - - « 87 

Oxigen - - - - I3 


Hence conip(r« 
nrnt parti of the 
oxide i 


Subnitrate of piatina is compofed of. 
The above oxide of piatina 
Nitric acid and water - 


100 . 

and of the full* 
nitrate. 

89 

- 11 


100 . 

But, in the redu61ion of this oxide of piatina, it became of a 
green colour ; and remained during fome time in that ftate. 
Nitrate of piatina fomelimec becomes of a pale green at the 
edges, when evaporated to dry nefs ; and ammonia affumes a 
green colour when in holds oxide of piatina in Iblution, as we 
have feen more particularly with palladium. This, therefore, 
is a fecond oxide of piatina. It contains but feven percent^ 
of ox 'gen. 

I diffolved a known portion of piatina in nitro-muriatic acid, 
and expelled the nitric acid, by pouring in a fullicient quantity 
of the muriatic; and then evaporated to iirynefs. By this expe* 
riment I learned, that the infuluble muriate of piatina is com- 
pofed of. 

Yellow oxide of piatina - - 70 

Muriatic acid and water - - - 30 


Two oxldcB of 
piatina ; yellow 
with 1 3 per. 
cent, oxygen ; 
green with only 
7 per. cent. 


Compon. part* 
oi inroiubli: mu- 
riate of piatina ; 


100 . 

I then expelled the muriatic acid by the fulphunc, and eva- 
porated again to dryneis. 1 found the infoiuble lulphate of 
piatina to be compofed of. 

Oxide of piatina ... 54.^5 and of the In- 

Acid and water - - - - 45,5 foluble fulphate. 

100 , 0 . 

By much the mofl: delicate teft for piatina is muriate of tin, MurUteoftin is 
A folution of the former, fo pale as hardly to be diftinguiftied 
from water, aflfumes a bright red by u fingle drop of the lecent 
muriatic folution of the latter metal. If mercury beprefent, the 
colour is much darker. Recent muriate of tin, poured into a 
folution ol the muriate formed by the red oxide of mercury, 

. ' N 2 convert.s . 
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converts h into the muriate formed by the iefs oxigenized ticids; 
^ but, thortly after, the mercury is reduced to the metallic ftate. 
Hence it was, that the alloy of platina and mercury always 
gave a deeper coloured precipitate than platina, with muriate 
of tin. 

The prufliates Neither platina nor mercury are precipitated by prulTic acid 
pUtina^/m^r- prufliates. But, if fulphate, nitrate, or muriate of 

cury fingly ; but platina be poured into prufliate of mercury, an orange-coloured 
they do jointly, precipitate is immediately formed ; and, in fome cafes, a' 
mixed folution of platina and mercury gives a fimilar pre- 
cipitate by pruflic acid alone. 

Platina is fim ply Platina is one of the metals which are precipitated by ful- 

Mdrogen! ^'^*^*'* phuretted hydrogen, without the neceflity of a double affinity. 
Order of affinitiei The affinities of platina difler much from what is generally 

flated in the tables. By the few acids I have had occaflon to 
try, oxide of platina is attra6ted in the following order : ful- 
phuric, oxalic, muriatic, phofphoric, fluoric^ arfenic, tartaric/ 
citric, benzoic, nitric, acetic, and boracic. 

Remarkable That fulphuric acid (hould attradl the oxide of platina witlr 
theoretical ob greater force than the muriatic, is an unanfwerable argument 
fervation. Opinion which was long fupported by many philofopherS,, 

and which is not yet altogether abandoned by them. Muriatic 
acid has been faid to contribute to the folution of gold or 
platina, in nitro-muriatic acid, in the fame manner as ful- 
phuricacid isfuppofed to promote the decompofition of water, 
during the folution of iron by that acid diluted. The affinity 
of muriatic acid for the oxide of gold or of platina, has beea 
looked upon as the difpoiing caufe that nitric acid is decom- 
pofed by thofe metals. But it is evident that fome other ac- 
tion takes place; for, fulphuric acid; which has a flronger 
affinity for oxide of platina than muriatic acid, does not in the 
lead promote the decompofition of nitric acid by gold, or by 
platina. 

CONCLUSION. 

The fubflance which has been treated of in this paper» muft* 
convince us how dangerous it is to form a theory before we are 
provided with a fufficient number of fadts, or to fubftitute the 
refults of a few obfervations, for the general laws of nature. 
If a theory is fometimes ufeful, as allandard to which we may 
refer our knowledge, it is at oUier times prej^idicial# by creat- 
ing 


On the niture 
and ufe of 
general bypath?* 
f«i» 
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'ing pQ aUachment in our minds to proqonceived ideas, which 
have been admitted without inquiring whether from truth or 
from convenience. We eahly corre^ our judgment as to 
fads; and the evidence of experiment is equally convincing 
to all perfons. But theories, not admitting of niatherualical 
demonftration, and being but the interpretation of a feriesof 
fads, are the creatures of opinion, and are governed by the 
various impreflions made upon every individual. Nature 
laughs at our fpeculations ; and though from time to lime we 
receive fucli warnings as (liould awaken us to a due fenfe of 
our limited knowledge, w^e are prefented with an ample com- 
penfation, in the extenfion of our views, and a nearer ap- 
proach to immutable truth. 

The affinities of metals for each other are likely to be of the The affinity of 

n .,i r metais for each 

moft extent] ve influence in chemiltry. They will promote Icep- fo ftrongly 

ticifm with regard to future ditcoveries, and throw Ibme doubts ffiewn in the 

Npon our prefent knowledge. Palladium is certainly not lefs 

different from the elements that compofe jt, and from all other doubti to the 

metals, than any two can be from each other. Within the laft "ew meulTj'** 

fifteen or twenty years, feveral new metals and new earths have 

been made known to the world. The names that fupport thefe 

difeoveries are refpedable, and the experiments decifive* If we 

do not give our affent to them, no (ingle propofition in che- 

miflry can for a moment (land. But, whether all thefe are really 

fimple fubtlances, or compounds not yet refolved into their 

elements, is what the authors themfelves cannot pofi lively af- 

fert; nor would it in the lead diminifli the merit of their 

obfervations, if future experiments Qiould prove them to have 

been midaken, as to the fimplicity of thofe fubdances. This 

remark fliould not be confined to later difeoveries ; it may as 

judly be applied to thofe earths and metals with which we have 


been long acquainted. 

With regard to the metals, we have feen how little depend- Biittlemetali 
ance is to be placed on fpecific gravities. A contrary anomaly 
to that which operates upon platina and mercury, may take pli tied* 


place in others ; and tliey may become as much heavier than 
the mean, as the former become lighter. In this date of union, 
they may for a long time appear homogeneous, even by the * 
ted of chemical re-agents. One of the properties that renders 


metallic fubdances fo precious is, their eafy formation into fuch 
fndruments as our neceffities require. The fragile metals ar A 
but of fecondary confequance; and, at mod, ferve to coni 
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on thofe which are du6ki!e^ fome quality which adapts them 
better to particular purpofcs. It often happens that, by being 
alloyed, two dudlile metals become fragile; but we have no 
inftance of the contrary effedl in any high degree. It is there- 
fore more to be fuppofed that we fhould look to fimplification 
among the fragile metals; and, even at this early period, it 
may not be too Ipeculative to confider the metallic bodies in 
an order which may bring together thofe which poflefs the 
greatell number of fimilar characters. 

Comparifoiis of inftance of this approximation, it may be obferved, 

metallic bodies , - . , , . i « , . . - , r 

with this view; that nickel and cobalt ftrongly participate in the properties of 

copper and iron. The two former metals were long regarded 
as mixtures; and the doubts of the ancient chemifts, who 
feared to pronounce as to their nature, may ftill be proved to 
have more foundation in truth than tjie atTerlion of the moderns, 
who have declared them to be limple. ACted upon by the fame 
menftrua, forming infoluble compounds with the fame acids, 
and foluble alike in other fubflances, they have but one or two 
niaiked properties that lead us to confider them as diflinCl 
metals. But palladium has at leafl five or iix cliaraClers, as 
ftiong as thole of any metal whatfoever, that diftinguifli it, not 
only from its elements, but aifo from all other metals, 
and earths alfo. Among the earths, this appioximation is Hill more apparent 

A leading character of ihefe lubflances is, their tendency to 
enter into faline combination, in which they receive new pro- 
pertic'-', and pertorm new lun6lK)ns, If we rank them accord- 
ing to this gencial tendency, wc ihall have the following order : 
baiytes and diontia; iimeand inagnclia; glucmc and alumina; 
zircoj^ and filica. And, if we confider them two by two in 
this order, whicli is a natiinl one, we fliall bring together 
precifely ihole which diller by llie fmallell number of chemical 
characters. 

Coiiclufion. This inveftigation might be purfued ftill further; but we 

muft wait the refull of experiments ; a wide field is open for 
refearch. In the dark ages of ehemiftry, the object was, to 
rival nature; and the fubftance which the adepts of thofe days 
were bufied to create, was univerfally allowed to be fimple. 

* In a more enlightened period, we have extended our enejui- 
ries, and multiplied the number of the elements. The laft 
tafk will be to fimplify; and, by a clofer obfervation of 
nature, lo learn from lyhat a fmall ftore of primitive materials, 
11 that we behold and wonder at was created. 

• IV. Obfirvuiion 
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IV. 

Ohjhrvatiom on Jbmc remarkable Strata of Flint in a Chalk-Pit 
in the IJle of Wight, in a Ij^tterfrom Sir Henry Charles 
Englefield, Bart. F. R. S. to John Latham, J\I. D. 

F.R. S. andL. S. * 

Dear Sir, 

As you confiderod the fpecimens of flint which 1 (hewed Introduftory 

you worthy of the notice of the Linnean Society, I tranfrait 

them to you, together with fuch an account oF the fltuation 

in which I found them, as may perhaps lead to a guefs of 

the caufes of their prefent very extraordinary condition, and 

will at leafl ferve as a guide to thofe who may wifli at a future 

time to inrpe6l the curious pit where I found them. 

Before I enter on the particular defcription of that fpot, 

I cannot help faying a few words on the lithology of the ifland 
in general, which has not that I know of, been defcribed, as 
it highly deferves, by any naturalift. Had 1 been equal to 
fuch a talk, opportunities of obfervation were wanting, and 
(he phenomenon which C am about to defcribe, was difcovered 
by me fo fliort a time before I quilled the iiland, that 1 had 
not time to infpedl more than one pit, befides tfiat in which 
I obferved it. 

The Ifle of Wight, which is nearly of a rhomboidal form, Geological ac. 
lies with refpedto its four angles, almoft abfoliitely in the four coum ot the Iflc 
points of (he compafs. It is divided into two very nearly 
equal parts by a range of chalk hills, whole general diredion 
IS due eaff and weft, Thefe hills do not, however, lie in a 
ftraight line, nor are they at all of equal breadth or height 
throughout their extent. At Bembridge, where they form 
the caftern point of the ifland, they rife abruptly from the 
fca to the height of about 400 feet; and bending a little to 
the northward, they continue of nearly the fame elevation, 
and a very narrow breadth, till they terminate at the valley 
through which (he Medina runs. To the weft of the Medina 
the range grows confiderably wider and is fubdivided into 
feveral fubordinate vallies. This additional breadth gives (he 
fouthern limit a great curvature (b the fouth, while the norihern 
line remains nearly ftraight. Their elevation increafes muclj, 
and at MoUifton is 700 feet. The acute and perpendicular 

♦ From the Tranf, of the Linnean Society, vol. IV. ^ 

, promontory 



REMARKABLE STEATA OF PUNT. 


184 

Cco^gical ac- promontory in which they terminate to the weft, well known 
S ^3' name of the Needles is nearly as high as Moltifton. 

Bcfide the valley of the Medina, this range is fingularly in- 
terrupted by two rallies exaflly ftmilar to each otber^ at the 
two ends of the ifland. Brading Haven renders Yaverland 
ai the eaft almoft an ifte, and the Yarmouth inlet cuts off the 
weftorn end fo nearly, that at high tides it is quite infulated 
at frefli water gate. 

To the north of this range of chalk hills the foil is chiefly 
day, with a fuperftratt|m, in many parts of gravel, the 
clay is interfedied with many beds of ftone of different 
qualities, and which appear to lie in great confufion. Oflhefe 
fome are grit with a flight admixture of calcareous matter. 
Others have nearly equal parts of fand and lime, and others 
arc purely calcareous. In the firft which are of great hardnefs^ 
very few extraneous bodies appear. In the fecond, are many 
fine impreflions of ftiells, while the laft arc almoft entirely 
compofed of moulds of turbinated fhclls, fo as to appear quite 
honey-combed by them. This ftone is however, of great 
durability for the walls of Cowes Caftle, which was buik by 
Henry VIII. and is expofed to the Tea air from the weft and 
north, arc as perfedl as on the day in which they were built. 
Below all thefe ftrata of ftone at eaft Cowes, and juft above 
a bed of black and folid clay is a ftratum of fliells about two 
feet thick, of which a fpecimen accomp?inies this; and which 
is totally compofed of thefe fliells without any admixture or 
earth whatfoever. As the Lea makes great inroads here, vaft 
heaps of thefe (hells lie on the beacii, and feem juft waflied 
, up by the waves, inftead of being torn from their bed in the 

cliff. They appear nearly in the fame (late as thofe on the 
Hamplhire coaft, which have long been famous among na- 
tnralifts. In the bed at eaft Cowes, there appears, however, 
no variety ; for I could fee no fpecies but what are here ex- 
hibited. 

Whatever confufion in the ftrata appears to the north of the 
chalk range, or in that range itfelf, difappears to the fouth of 
it, where the ftrata are nearly in a horizontal pofilion, an4 
Angularly regular undifturbed. The fea coaft from Bern** 
bridge, fouth to the Needles, except in the fmall extent of 
Pandown Marfli, is every whero higher than the immediately 
popti^uous land of the iflapd, and to the fouth-eaft, rifps intq 

'4 
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^ vaft rai>ge of hills lur^ from Dunnofe weft to St. Catha- Geological ac- 
rines. The fubfir^tum <. < thefe hills feem everywhere to ^ 

be clay lyin <5 in ftrata of thfferent colour and purity. The 
lovyeft IS bLu k and very hard ; approaching to Oiale. Above 
this tome Am ta have a great n *xture of fand, and take the 
^ippearance oi m foft ftone, breaking into very regular cubical 
forms. Thc!u iirata extend over the whole foulhern part of 
the iftancl, and teiniinaU* againft the chalk range very fuddenly. 

Above t l,e c.ay ftrata is a bed qf ftone in thin layers^^ and of 
very mingled materials, but in general very harjd. Great 
quantities of chert or flint modules appear in this ftone. J'he 
geneial ihicknejs of the ftratum is from 150 to 200 feet. Above 
this the higheft Inils of the range have a l^ralum of chalky 
not pure or whjle as that of the chalk range properly fo called^ 
nor producing flint fo black. 

The height of Dunnofe is 800 feet above low water iDark^ 

St. Catharine’s hill is at leaft 850. Of the former I had nq 
opportunity of examining accurately the thicknefs of the ftrata^ 

|but at St. Catharine’s the ftrata are as follow. 

Chalk - 250 feet 

Slone - 200 feet, pr perhaps nof quite fo much 
play and Sand - 400 feet. 


8.50. 

This arrangement accounts entirely for the formation of thaf 
Angular coaft called the Undercliff, which extends froni 
Dunnofe to St. Catharine’s; and is coropofed of the confufed 
fragments of the upper ftratum of rock, which have given way 
and rolled down, as the fubftratum of clay has been wafhed 
away by the fea. In moft parts the procefs feems nearly at a 
ftand ; the coaft being now protected by the fallen rocks ; but 
at St. Catharine’s, great devaftation is ftill taking place. The 
oarth-fall mentioned laft year, was a very fmall operation^ 
\vhen compared with the relics of former convulfions. 

From this fhort fketch of the general poiition of the ftrata 
|n the ifland, { return to fhe particular fubjed^ of the prefent 


The chalk pit, which I am about tp deferibe is fituatpd on P'efcription of^ 
Jbe northern edge of the chalk range jbft out of the village 
parifbrook, and about an hundred yards beyond the divifion with reams of 
pf (he roads to Yarmouth and Shorwell. The pit is open to fingularljr 
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Obfcrvalions of 
the flints in 
another pic* 


the eaft. The ftrata of chalk are very regular from two to five 
feet in tliicknefs, and divided by feams of flint from fix inches 
to nine inches in depth: The flints are as ufual in nodules of 
different fi25es from the fize of the fift to twice the fize of a 
inan\s head. The whole dip northward with an inclination of 
at lead 67 degrees. Perpendicular fiflures run through the 
whole from north to fouth, the fides of which are nearly as 
flat and fniooth as a wall. As thefe filfures are followed with 
convenience in working the jut, an extenfive face was laid 
open when I law it, and the appearance was as in the annexed 
ficetci). See Plate XI. On examining the beds of flint nearly, 
I was afl on idled to find tbol every flint, though lying in its 
place, and retaining perfedlly its original fliape, was riiore or 
lefs burfl and fliattcred, fornc few were only fplit into large 
pieces, but the greater part were broken into fniall fragments, 
and foipc abfolutely reduced to imjialpable jxtwder. From one 
which had luffered the mod, the annexed IjK cimen was taken. 
The [)Owder war. fo very fine that I conceived it mud have 
been mixed with chalk; baton wafliing it with diluted marine 
acid, I found that it was purely filiceous. Indeed the chalk 
which furrounds thefe flints is uncommonly folid, and does not 
exhibit cracks or marks of any violence except the great fif- 
fures before mentioned. A fpecimen of the flint powder after 
wafliing in the acid is fent with the other. 

I mud obferve that I had but an imperfedf opportunity ofin- 
fjieding the flints wdiich lay at a diflancefrom the fiffure, fuch 
however as I could fee in the bed then working appeared to 
have been lefs fliattered in proportion as they were more remote 
from the fiflure, but all had fulfered more or lefs. 

About ‘200 yards below the pit, and nearer to Carifbrook 
village, the road is in part cut through the chalk, and the beds 
of flint expofed by that means exhibit the fame appearances as 
thofe in the pit above. 

The chalk pit above Shidc Bridge, which is the only one I 
had an opportunity of examining after my difeovery of the 
plioenomenon above deferibed, prefents infome degree the fame 
appearances, but does not afford fo good an opportunity of 
viewing the flrata as that at Carifbrook. The ftrata did not 
appear to me to lie lo regularly nor the flints to be difpofed fo 
ihucli in beds as at Carifbrook. They were however ex- 
tremely 



REMARKABLE STRATA OF FLINT. 


107 


frcroely broken and fliattered and apparently the moft fo where 
they lay moft in Arata. The flrala had alfo a great inclination 
or dip to the north. 

Although it would be raQi to attempt to account for this very Conj«aurc ai to 
fingular ftate of deftruflion of the flints in the Carilbrook pit, thaabe*^ftrata**at 
yet it is impoflible not to ofl^er fome conjeftures on the fubje6l, th<- period when 
There can be very little doubt that the /Irata though now 
inclined was originally formed in a horizontal pofition. When dined to Aide on 

the tremendous convulfion took place which funk them to the each other, and 
y.. . 1 • 1 , . .... 1 1 Hints were 

Jituation in which they now appear (at which time the chan- ctufhed by this 

nel which feparates the Ifle of Wight from the main land was enormous adtion. 
perhaps formed) the flrata of chalk, in the a6l of fubfidence 
had a tendency to Aide on each other, and this would be exerted 
moll fcnfibly where from the admixture of the flints the cohe- 
fion of the parts of the chalk was the vveakeft. This motion 
or rather Hrain of fo enormous a weight might in an inflant 
fliiver the flints, though their refillance Hopped the incipient 
motion, 'for (he flints though cruflied to powder are not dif- 
placed, which muft have been the cafe had the beds flipped 
Icnfibly. This conjedture is perhaps flrenglhened by what I 
obferved in a few detached nodules of flint in (he chalk flrata 
which did not appear to have fuffered as thofe in the beds of 
flint have done. I may here add that it feemed as if in fome 
places the fine jiowder of the flints had run down, and in veil- 
ed the nearer parts of the fiflure with a (hin coating of the 
agglutinated dull; but lliis may poflibly have taken place fince 
the face of the fiinirc lias been cxpofcd to the weather. 

Perhaps it may not be totally loreign from the prclent fub- Appparances of 
je^ to inenlion that in a very great chalk pit at the vilUge ol 
Pillion, a mile north of Brlglithelmftimc, in which the flints lie ftone. 
in a very regular and nearly horizontal flrata, but which has 
alfo vaft perpendicular fitrures in the chalk; the fiflures arc in 
many places filled to a confiderable extent witli a very thin 
vein of pure flint exadly as if the flint, not being quite hard 
when the fiflures look place, had been f(|ueezed out of the 
beds and run into the fiflurc'^ as foft jiitch would do. I do not 
mean at all fo fay that this was the cafe, but merely todeferibe 
the appearances. In the chalk pit juft below the church at 
Brightlielmftone another fingular appearance may be feen. 

The upper part of the chalk is in feparate mafles, not properly . 
rubble, but with all their tender angles (harp exa6l(y as if juft 

broken 
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broken to pieces lo put into the lime kiln, and quite clea«/ 
nearly of a fi^ei almoft vvithoul any chalk powder mixed 
with them, 

1 remain, &c. 

Southampton, Jan* 22, 1 dOO. 


V. 


pefiTiption of a mercurial Air-pump, of unlimited exhnvfiing 
jPower, with a Wooden Pifipn^ working in a Wooden Cylinder, 
Ifc, By SiK A. N. Epelcrantz, Sfc, Communicated 
f}y the Author, 


llionftruftlon of 
an air pump in 
which no reft- 
duai fpace is left* 


Having refided a long time in a place, where no ma- 
thematical inftrument maker could be had, 1 was obliged to 
contrive fome method of contlruding an air-pump, in which 
common workmen and common materials could be eimployed. 


Betides which, as in almoft all former conflru6tions of this in- 


Arument, a fmall fpace exifls in fome part of them, where the 
air remains condenfed, and confequently a limit is fixed to the 
expanfion, I was defirous, if poffible, to remove this feemingly 
material, though in good pumps infinitely fmall defefl. Thefc 
Confideratlons led me many years ago lo a contrivance, of which 
|he following (hort defeription pay give a notion, referving a 
pore detailed one, with a more particular account of its effedls, 
to a future publication. 

Defeription wit^ A B C D, Plate XII . is a folid piflon of wood, cylindrical or 
Jt^operatfs by ^H^**^**^^ * moving up and down in a fimilar wooden box or tube, 
mercury raifed E F G H, by means of rack-work at H. The pifton fills the 
wooclen^P?V"by whole length as exadlly as poffible, without touching 

r p°ug” arirthe^ and producing fridion againft the fides. For that purpofe the 
uppcrcommuni- pifton is guided at the lower end by an iron rod KI, fixed in 
Tcccivcr is made bottom of the box and entering the pifton, and at its upper 
prough an iron part by a roller, which runs along the inner furface of the bar- 
rel. The cavity of the wooden box extends through the canal 
F Mf to the iron cock O, and communicates at M with a per- 


* I have, in the execution, preferred the fquare form, as more 
eafy to make exa£l and equal in its whole length* 

, f All the wooden parts are made of ftrong oak, and are covered 
Ijirxth a ^ood retoous varaiAi, to prevent the abforption of mercurys 

pendicuiar 
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pendicular glafs tube M N and the glafs fphere P. This fphere Air pUmp oper- 
is conne6led with an iron cock Q R, having twooppofite per- 
forationSj one going horizontally to where a fmall outfideea barreJ> 4tc» 
valve permits a communication with the glafs ball S Y ; the 
other^ placed perpendicular ly« opens a paflage from the com- 
mon receiver VT to the fphere. The inftrument being thus 
conftrudtedj the box HEFGy is filled with mercury to the dot. 
ted line a or about fix inches, and the piflon being alter- 
nately preffed down or raifed as ufual by the crank work, the 
efTedt of the machine is as follows: 

The cock Q R being turned as in the figure, the communi- 
cation with the receiver is (hut, and that with the external air, 
through a fmall hole S in the glafs fphere S Y, being open, the 
piflon in defeending preffes upon the furface a a, and forces the 
mercury out of its place, it confequently rifes in the fmall fpace 
between the piflon and the wooden tqbe, aaio bb, and at the 
fame time in the glafs tube N P to a correfponding height N. 

The prefTure being continued, the mercury flill rifes fo as to (ill 
the whole tube, the fphere P, and lad of all makes its way 
through the cock Q R and the valve R. forcing every particle 
of the air contained in M N P out before it. When a drop of 
mercury appears in Y, the pidon is moved the contrary way, 
and by its afeendon the preffure on the mercury is diminifhed, 
which finks and evacuates the fphere P, leaving a place for the 
air from the receiver which is admitted by turning the cock 
Q R, in the other diredlion *. P being filled with air, the 
cock is turned againj the pidon again defeends, and expels the 
air, by railing the mercury a fecond time, and in this manner 
the exhaudion may be continued at pleafure : The mechanifrn 
and effect of this indrument being, as 1 prefumea rendered 
clear by the preceding defeription, I ftiall only add a few re- 
marks. 

The necelTary force to prefs down the piflon, being a little 
more than the whole weight of a column of mercury of the 
bads D C, and the height of the barometer, is confiderable in 
the beginning of the operation, but diminifhes as in other air- 
pumps, when the air in the receiver becomes more rarefied ; 
when the external atmofphere a6ts more powerfully in fupport 

• The alternate turnings of the cock may eafily be performed 
ky a flniple appendage conne^led with the motion of the piflon. 

a. of 
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Air pump oper- of (he column M N, which in every fucceffive flroke becomes 

cxhauftion is nearly compleat, when its height 
en barreh &c» will be that of (he barometer. 

In order to equalize the preffing force more nearly during the 
whole operation, the upper end of the piflon may be loaded 
with a w'eight equal to half the original preffure. 

The mercury being a fluid, fills every angular fpace as 
pafles, till it opens its way through the valve R; confequently 
no particle of air can be left in a conrieni'ed flate to be more 
rarified or diminiftied by the next flroke of the piflon. By 
this means the common defedl of air-pumps feems to be 
remedied, and the exhauflion unlimited. Beiides, as neither 
moiflure or oillarc introduced in this pump, the vapours arifing 
from them in great exhauflions are prevented. 

The quantity of mercury required, when the diameter of 
(he wooden box and of the fplierc P are four inches, will be 
about fixty pounds, which if taken out by the cock O, may 
ferve alfo for another ufeful apparatus in the fame laboratory; 
the mercurial air holder. 

Several projects for mercurial air-pumps have been publiflied 
before, although I think none executed; but a comparifon 
will, as I fuppofe, cafiiy fliew this conflru6tion to be quite 
different from any of them. 

For greater folidity, I have in the execution made three- 
fourihs of the tube M P of iron. The fphere P is likewife 
fixed and faflencjd by means not tliewn in the figure, but which 
may without difficulty^e apprehended. 

Excepting (he c(/ck Q R, which requires fame prei Ifion of 
workmanfliip, all the parts of the machine may executed by 
common workmen, fuch as car pen lei s, tmilhs, &:c. who are 
^very where to be found. 


VI. 0?i 
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VI. 


SIR, 


On the Comhinuthns for fupplj^ing Worm TuIjs ziith Cold Water, 
by the Syphon, uitk an cafy Method of ficuring the Joints of 
f licit Hydraulic Apiiuruias aga/nfi the Admijjionof the External 
Air. In a Letter Jroni Mr. Wm. Close. 

To i^r. NICHOLSON. 

Dalton, Feb. 13, I SOI-. 

The combinations which have lately appearecT in your Jour- Reafuns why 

nal, for I'upplying vsorm tubs, condenters, &c. with cold wafer, 

fiave recalled my attention to certain experiinenls wliichl for- bijito tl>c fup^^ly 

nierly made with the lyphon; and I am of opinion that the 

method propofed v\il) fucceed very vsrell upon the timple con- 

ftruflion ot the apparatus delineated in FlaU IV. Vol. VI. of 

your Journal, if all the parfsare made air-tight, and a fufficient 

quantity of water be provided to keep the fyphon in cimflant 

adlion, under an impending column of two feet. For the air 

difeiigaged from the w'ater in the w^orm-tub will rife into the 

bend ol the fyphon at B. Plate IV. Vol. VI. and be carried 

down the defeendirfg column and emitted at C. 

The worm tub may be effedlually fecured againft the admif- Eafy method of 
fion of the external air through the joinings of the ftaves, by cxtnni"lir^*by 
being placed In a larger tub filled with water; no air then can funounding the 
pollibly enter the interior tub fo long as it is covered, and the 
workraanthip mufl be very bad, if the fyphon fliould draw the 
water out of the exterior vefTel, fo faft as to produce any in- 
convenience in repleniftiing it as often as it fiibfides. 

The worm mull be made air-tight before it is fixed in its To let the ma- • 
place. If the fupply of cold water at A Ihould be iplerrupl- 
ed, the fluid in A will fubfjde to a level with tlie tuilace of C, 
and, if much air be dilengaged during inis furpenfion, and 
while the water is impending in the apparatus, the lyphon will 
probably not icfume its operation : In this cale the two aper- 
tures mufl be doled, and uie apparatus tilled with water. 

You w ill reinembet the principles on which I planned the 
conflru£lion of a machine for railing water by the fyphon. I phen engine for- 
,have the complete model of fuch a machine: it has jour light, dclcnbcd. 
felf-adiing valves, and when thete are not prevented from 
clolipg, by impurities in\he water, Sec. it performs very well. • 

The 
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Its power in 
carrying down 

air. 


Hence the 
worm tub fy- 
phon will be 
effeAuai in car 
rying oft’ the 
9ir extricated 
lifom the water. 


Xhe fpcftacle 
glafles of Dr. 
Woollafton 
genfured. 


The fyphon is not quite two inches wide; it rifes about 31^ 
inches above the refervoir in which it is placed, and the de- 
fcending column is fix inches longer than the afcending one. 
The machine is conftrucled with all the parts leprefented in 
Flute III. Vol, 1. but under a different arrangement. It deli- 
vers about three pints 6f water every minute, at 3l inches 
above the refervoir t the alternations are repealed every five 
feconds. 

In the operation of this machine, a bulk of air equal to 
three pints of water is carried down the defcending column 
every minute, when the fall is only fix inches ; but I am cer- 
tain from experiment that the fyphon would clear itfelf of a 
much greater bulk in the fame time. 

In an experiment on the 29th of May 1802, with a fyphon 
of the above dimenfions, and a fall of fix inches, it appeared 
- by a graduated bottle which received the raifed water, that the 
fyphon would take a quantity of air equal in bulk to four 
ounces of water at leaft, every three feconds. I think, theie- 
fore, that the fmall quantity of air which will be difengaged 
from the water in the worm tub at a low temperature, by the 
operation of the fyphon, with a fall of two or three feet, will 
be carried off as faft as it is produced, ualcfs the pipe be very 
nai row in proportion to the tub, 

1 am, Sir, 

Your's refpc‘6lfully, 

WILLIAM CLOSE. 


VII. 

An Anfwei' to Dr, Wollaston'b Statement, Of an 
provcmait in the Form of SpeBaclt-Glajfes” Bij Mr. Wil- 
liam Jones, F.Am.P.S, Optician, Ilolhorn, 

(3bSERVING in your Journal for laft Month, that Dr. 
W. H. Wollafion, by a paper inferted therein, is attempting 
to introduce into the confirudion of fpedacles, the well known 
and obfolete form of lens called a menifem ; I beg leave, Sir, 
to offer through the channel of your fcien^ific and impartial 
record, a few obfervations on his arguments ; and my reafons 
why I do not confider the contrivance as entitled to any claitii 
(either of novelty or improvement. 


When 
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When a printed book, or other objed, is received through 
a convex fpeftacle-glafs, or other lens of a Qiort focal difiance^ by Icnfai* 
fuch as from feven inches down to four inches or lefs, the in- 
diflinftnefs obferved of the furrounding parts, when the central 
appear diftindl, arifes from the fpherical figure of the lens, 
and is by Opticians called the longitudinal aberration of the 
Jens. There is another kind of aberration conne^ed with this 
lens, called the lateral aberration, which is occafioned by the 
prifmatic form of the lens, producing different refrangibility 
of the rays of light, and blending the prifmatic colours with 
the appearance of the objed. It is the longitudinal aberra- 
tion only that I have now occafion to confider. This aberra- 
tion in lenfes of the f.irne foci, increaies with the diameter 
and thicknefs; and of the fame diameter is in the invcrfe pro- 
portion to the foci. 

The rays iffuing from diflant objefls, are more parallel to 
each other when incident upon the lens, than thofe from 
proximate ones ; therefore the aberration will be lefs. 

Hence, it may be inferred, that when fpedacle-glaffes have Contracting the 
been made larger in diameter than is fufficient to ohf<^rve 
through, the angular extent of objects, they refrad fuperfluous approved, 
light, and have very properly been fomewhat reduced in dia- 
meter, fo that a perfon might ufe them without much inclining 
the axis of his eyes, or finding it inconvenient or unnatural to 
move his head a little. For the abei ration is thus diminiQied, 
and confequently the objedion in a great degree removed, 
except when the glaffes are of very fhort foci. 

In concave glafl'es, the aberration or indiflindnefs is of a Concavu. 
fimilar nature ; the defed of thefe being from the imperfed 
divergence of the rays, inflead of the imperfed convergence 
in convex glaffes. 

Spedacle-glaffes are now generally made of the double Rcmarki oa 
concave, and double convex forms or nearly fo ; for a little fomt of'!he"ini* 
alteration of figure does not aifed the general appearance of pruvements 
objeds viewed through them. It is in fcience, as in other «iadc ia ihcBi. 
cafes, that general utility does not always depend on trifling 
alteralkons, Spedacles are recorded to have been invented 
about the year 1 300, and from much reading and many years 
experience in this fmall, but invaluable article, 1 really do not 
know, that during the elapfed time, any optical infirument , 
of any kind whatfoever has undergone more innovation, and 

VoL. VII. — March, ISO^. O attempts , 
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attempts at improvement Of many within my knowWge^ 
1 ftiall only feled the following as entitled to any degree of 
commendation. Ayfcough*s crown glafs fpedtacles. The bi-^ 
fe6led glafles of /)r. Franklin. I?27»r2g//r’5 double ^latfes. The 
vifual giatfes of that learned Optician Mr. Martin. The (quaie 
convex form by Stour. The patent combined glalVes ot 
MetTrs. Watkins and Smith, injudicioufly called achromatic, 
confiding of a convex lens, combined with a menifeus or con- 
cave convex lens. In the various mountings of the frames 
there is a ftill greater variety. 

Notwithfianding thefe contrivances, iiniverfal experience 
has caufed the original and fimjile form of giatfes to fiiperfede 
them; and it affords an indubitable proof, that it is the befi 
and moft convenient that can be devifed, when clear glats, 
accuiatc tools, and good woikmanthlp are ufed. 

Tlie theorem given by Hw/genst and demonftrated by many 
other liibtecjiient writers on optics, proving that a convex lens 
having its radii of cuivaUire in the proportion of one to fix, 
has let’s aberration than any otlier form of lens, when the 
greateft convexity is towards the objedl ; and the fame for 
the concave Ions ; muft hold true for any ufe whatfoever, for 
which fuch a foimed lens may be required. 

It does not appear to have occurred to Dr. W. that the 
eye giatfes ufed to magnify the images formed by the object 
glafles in telefcopcs are of the belt form, when with the curves 
of the proportion above mentioned. In the eye pieces of the 
beft acliromatic telefropes, they are always applied, and i« 
high powers, the image frequently fubleiuls an angle from tlie 
centre of the eye glafs of fixly degrees or more. 1 have 
never feen any corred dioptrical theorem, that tended to prove 
that a mcniicus, lingly, or combined, will anfwer fo per- 
fcdly the fame purpole. 

The ordinary purpofes of vifion, are very well anfvvered 
by the coipmon glafles, under an angle as large as eighty or 
ninety deg1*ees, and the beft arlifts, or draughtfmen allow, 
that 60® is as much as a fixed pofilion of Xhe eye ought in 
perfpedive to embrace, to convey a juft repreleiHation on 
tlie optic nerve. 

To per Tons, the humours of whofe eyes are fo decayed ai 
,to be deficient in their original refra^ive power, gjaffes of ft^ort 

foci 
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foci will, to them, render the extreme parts of objeds fome- Renisrks mi 
what confufed; but in a much lefs degree than to perfons^ with cg^aiV thc^Ialuc 
perfe6t eyes, or unclecayed humours, of Dr» Woll»- 

In telefcopes and microfeopes, the aberration is 
off by the infertion of circular apertures or flops ; but in fpec- 
tacles this is not eflentially neceflfary, nor does the want of 
them or the figure of the glafies, prove that they are con- 
flitutionally bad and prejudicial. 

The oblcTvation of Dr. W. that only a portion of the glafs 
a little larger than the pupil of the eye, is employed at once, 
is onlyjufl inafmuch as it relates to the mind, being intent on 
a point of an objedl ; but not fo in regard to a general view. 

For the refradlive power of the lens does mofl admirably colled: 
all the infinite number of pencils of rays, or cones, into one 
concurrence at the pupil of the eye ; where they crofs or in- 
ter fe6t each other : yet, fuch is the exquiflte fubtilty of light^ 
that no confufion or irritation takes place. Man is thus bleffed 
by affifled vifion, as he is in vitality by the refpiration of air. 

Dr, W^s inferring the form of a menifeus from the fbape of a 
globe, is manifefliy erroneous ; and in refped to fpedacles in., 
appropriate. A glais globe or fphere without any fenfible 
ihicknefs, to an eye exadly placed in its centre, admits all the 
incident rays to pafs throughout it unrefraded. If the eye 
deviates from the centre, a refradion will take place, and that 
in proportion to the thicknefs of the fphere. Rays of in- 
cidence pafs perfedly unrefraded through truly ground plane, 
or parallel glafs, to an eye before it ; and let the axis of the 
eye, be ever fo much inclofed, uniefs the glafs be very thick, 
the objed will ftill appear perfed, and no refradion of the , 

incident rays will be obferved. It is obvious, therefore, the 
nearer a lens approachfcs to the figure of a plane, the more 
perfed it muft be. 

The figure of a" menifeus, which Dr. W. wiQics to adopt, 
u as different from a fphere, as a plane. Its figure is corn., 
pofed of two portions of fpheres, of diflerent radii. When 
with a pofitive focus it is mathematically dcmonftrable, that 
it has entirely the properties of a convex lens, and with a 
negative focus the properties of a concave one. When the 
radius of the exterior curve, is lefs than that of the interior 
it is a convex fort of lens, and magnifies ; but, when the 
radius of the interior curve is lefs than that of the other, it is 
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a co>ncare ten?, and diminiQies. It has alfobeen demontlTatedl« 
e that the nearer the form of a menifcus approaches to that of a 
piano convex or concave, the more perfect it will be, and 
^ produce lefs aberration. 

1 (hall difpenfe here with the proofs by algebraical and 
analytical formulae, as any qualified reader will (ind them in 
the optical works of Huygem, Molineux, Euler, D'Alembert, 
Smith, Emerfon and Martin ; and many others. 

The rays of light ilfuing from a near objed to a fpeflacle 
glafs before the eye, are in diverging pencils or cones, and 
the menifcus form of glafs of any certain pohtive focus, wilt 
rcfradt them towards a (late of parallelif'm into the eye, necef- 
fary to produce diftind vilion, in decayed fight, pre- 
ciicly in the fanne majiner as a double convex or pland convex 
glafs of the fame focus would do. A menifcus with a negative 
focus, acts no ways different from the double or piano concave 
glaffes; the rays of light being divergent fome what to conn- 
lerad the effeds of loo great a convexity in the humours of 
the eye of a (liort fighted perfon. Perhaps, it is hardly 
neceflfary to obferve, that imperfed vilion in the optical fenfe, 
coiififls in the long fighted eye, in the rays of light not being 
fiitficiently converged by its humours, to meet on the retina 
of the eye, but falling beyond it ; and in a fliort fighted eye 
by the rays converging too much, fo as to meet before they 
reach the retina. 

Varying the geometrical figure of a lens, docs not con- 
fiitute any new optical principle, for any of the coimnon 
fpecies of lenfes, may be cut into the form of a fquare, a 
triangle, an oval, &c. ali figuratively various, but confifiing 
only of one optical principle. 

The ufe of the menifcus has been abandoned by Opticians, 
by its containing in com pari fon with other Icnies, the greateft 
fpherical furface, and confequently producing the greatefi 
aberration. Reducing the curvatures of the menifcus elongates 
the focus, in the fame manner as in other lenfes, and there- 
fore reduces the aberration. Hence in fpedacle-glafies that 
are not of (hort foci, no preceptible difference will be found 
to perfons unacquainted with optical experiments. 

There are various pradical methods that will point out ta, 
perfons the aberration of lenfes here fpoken of, and that the 

minifeua 
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neniictts caufes thegreateft of any of the other forms of lenfes ; j^****!^J^^*^f 
but, the following, 1 would recommend as the mofl eafy and certftln the valve 
illuflrative. Woiu- 

Take a menifcus lens about the fize of a fpe6lacle-glafs, 
and with four inchps pofitive focus, and take alfo a piano con- 
vex or a double convex, of the fame diameter and focus, in a 
room with one lighted candle, at a diitance by night, hold the 
convex glafs near to the white wall or wainfeot fide of the room, 
between itandthecandle; move the lens backwards and forwards 
till a clear image of the candle is formed, which will beadiflin6l 
inverted image of it : do the fame with a menifcus, and there 
will be this difference obferved by the menifcus, that incir- 
cling the vivid image of the flame, there will be a faint white 
light, which is the circle of the aberration; and, evidently 
fliews, that it is the word form of the two for a fpeftacle- 
glafs, or any other pnrpofe. 

Two convex double glafles placed together in one cell, 
contain lefs aberration than one glafs of the fame diameter 
and focus ; and two piano convex-glafles with their convex 
Tides placed together in one cell, give flill lefs aberration. 

Jt is lofs of light only that can be objected to. They are too 
weighty to be adopted in fpe61acies, but in eye pieces of large 
telefcopes for viewing celeflial objcfls, (hey have been ufed 
with great advantage. To engravers, miniature painters, 
and other artiftvS, they are mofl ufeful, as by (hort foci and 
large apertures, they give them the inoft diftindl view^ of a 
large furface placed before them. 

For the fatisfaflion of an intelligent perfon, who may be 
difpofed to have an ocular proof of the properties of glafles • 

as herein advanced, I have conftrufled a frame, containing a 
double convex, piano convex, a menifcus, two piano con- 
vexes, with their convex fides to each other, all of the fame 
diameter, and the foci about four inches, and by which may 
be feen that the greateft peripherelical indiflindtnefs is with 
the menifcus glafs. This apparatus will be (hewn by ap-- 
plication at our roanufa6lory in Holborn, 

The menilicus as a figure for a fpe6lacle glafs I confider very 
objeflionable. To afford a large field of view, its diameter 
muft be confiderable; which for a (hort focus will increafe 
thicknefs, protuberance outwards, and weight; and, in con»« 
cave glafles occafion the frames to be made thicker; the glafles 

will • 
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wjII be more liable to be fcralched and broken than thofe of 
the common form, and when the frames are metallic, more 
likely to increafe than diminiflj that indelible mark made on 
the nofe by the weight of the frame, fo frequently complained 
of by perfons who w'ear fpedacles aimed condantly. A great 
deal of fuperfluous light alfo paffing. through the glalfes, muft 
be evidently prejudicial ; and, it appears to me that the con- 
cave figure of the inner fide of the menifciis will a6l as a 
powerful refleftor to condenfe the rays of light and heat upon 
the eyes, and ultimately prove thereby of ferious injury. 

I have in my polfelfion a menifeus Ipcdacle glafs taken 
from a fpcdacle frame, which 1 can pmve to have been made 
many years ago; and, finally, as tins fprm h iiei‘her new 
in principle, or in practice, J am at a lols to know upon what 
fort of dilcovery his Majefi}’s letters patent have been (o- 
iicited. 

I am. 

Sir, 

Youi’>, die. 

W. jONhS. 


VIII. 

All Account of an OcculLaiiou of b Atbiduc bij tht 

Flantt Mars, on the ilih if April 179(>, obftrved hij Hit 
Henry Englp:j- ield, iJuri. J\ JL S. hi '/ Lcilet ath 
drejj'cd to the Rev. Nlvil i\J ask ll\ m., D. i). F. li. H, 
^ and Ajlronomer Royal. 

DEAR SIR, 

Occultation of a I BEG leave to communicate to you an oblervation, which 
planctMar/. ^ ^ ^ good iofluiie to make, of an occultaiioii ot a fixed 

dar by the planet Mars ; and wlncli, ai> far as I can learn, 
was feen by nobody in this country but myfelf and Lady Buck, 
at whofe houfc at Petcrfiiam I made the oblervation, and to 
whom I Ihowed the planet wiien nearly approaching to con- 
' jundion wilh the dar. 

Thefc Obferva- Obfervations of this kind may be ranked among the rared 
tioo6 are very phenomena in adronoiny. Mr. De La Lande records but 

^ From the Journals of the Royal Inditutlon, Noi 16, p* 38r 
* four 
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four fince the invention of telefcopes. Of thefe^ one only is 
by Mars, and that fo long ago as about the year J630, by 
Oadl'iuli. The curious and very important conjundion of 
Mars with pfi aquarii, in 0<5lober 1672, whence CaiTini had 
iinped to deduce, with great accuracy, the parallax of Mars 
and the Sun, was nnired by bad weather at the moment of 
tiie occullation. Since that time, I do not know that any ob- 
fervalion of this kind has been made. 

The night of April 17, 1796, being very clear, I was led Account of the 
by mere accidjent to dired my telefcope to Mars, about two 
oVIock in the morning ; and I faw with equal pleafure and 
fiirprife, a ftar, about three of his diameters to the eaft of 
l)im, and in a line perpendicular to his horns, he being then 
gibbous. It vvas evident that an occullation would take place, 
and I prepaied every thing for the obfervation. 

The Iclelcopc I ufcd is an achromatic of Ramfden, the Inftrumcnts. 
apertuie 2.7 j, with a iingle eye-glafs, magnif)'ing 100 times. 

The clock is a veiy good regulator, with a wooden pendulum, 
and to he depended on to lefs than 2 feconds in the 21* hours, 

T he obfervations h)r the time were made wdth an excellent fix 
inch Hadley's lextant of Kamfden’s, and an artiiicial horizon 
of mercury. 

Tlie potilion of Peterfham, as deduced by a furvey made Place of the ohf. 
by me (orne years lince, from the Royal Obfervatory at Kew, 
wliich was one of the points fettled by General Roy in his 
gieat furvey, is 1^ 12'' in lime weft of the Obfervatory at 
Gieciivvicii 111 longitude; and its latitude by the fame furvey 
5 1 2(S' .‘i 1/'. 

i"o retui n to tlie obfervation. The Iky, during the whole Collateral cir- 
tiine, was perfedly free from clouds, but was remarkably lull *^^”'**"'*** 
of vapours, whidi at times produced a greater undulation in 
Jhe limb of Mars, than I almoft ever faw'. The wind was in 
the call, and probably the columns of warm air blown from 
London, mixed vCry irregularly with the almofphere of Pe- 
terftiani. This ftale of the air, and the low altitude of Mars, 
whole fouthern declination was 23®|, rendered it impoftible to 
tlifiinguilh with certainty the ftar, from the protuberances in 
the waving limb of Mais at the moment of immerfion, though; 
the brilliant and filvery light of the ftar contrafted ftrongly 
with the dull red hue of the planet. The obfervation of the 
inuiicrlion of the ftar is therefore uncertain, to near a minute 

of 
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of lime. At the emerfion the flate of the air was rather more 
favourable than at the immerlion ; and as the ftar emerged 
from behind the dark limb of Mars at a fentible diftance from his 
enlightened edge, this obfervation is much more certain than 
that of the immerfion ; and is probably true, to five, or ten 
feconds at moft. 

The ftar at its firfl emerfjon, certainly appeared much fainter 
than it did Toon afterwards ; but I cannot pretend to decide, 
that this apparent diminution of its light was owing to any 
other caufe than its great proximity to the fuperior light of the 
planet. Yet it was at firit fo faint as to be very doubtfully 
viiible, and in lefs than a minute was very coniidcrably 
brighter. As in this interval of time, its diilance from the 
planet was not very much increafed, it is probable that the 
atmofphere of Mars might have been the caufe, at leafl in 
fume degree, of this appearance. 


Occultatlon of a 
fixed ftar by the 
planet Mars. 


Occultation qf b f 


by the Planet Mars, /Jpril 17, 1795, 
at Feterjhanu 


Immerfion of b ^ per clock 4*' 48'^ 

Uncertain to nearly one minute. 

Emerfion of b f per clock 1.5** 24' 28" 


Certain to five, or ten fcconds at moft. 


The ftar palfed to the north of the centre of Mars. The 
immerfion was about one third, or at moft two fifths of his 
femidiameter north of the centre. The emerfion uot quite 
half the femidiameter north of the centre, by eftimation. 

The clock, at the time of the occultation, 

was faft on mean time 0** 4' 2l|" 

The immerfion was therefore at ... 1 5** 0' 26{" 

The emerfion at 13** 20' 

Mean time at Peterfliam. 


And, Greenwich being 1' 12" in time eaft of Peterfliam, 
the obfervations reduced to the meridian of Greenwich are. 
Mean Time. Apparent Time. 

Immerfion , , . 15** 1' 31|" 16** 2' 28^" 

; Emerfion . - • 15** 21' 18|'' 15** 22' 8^" 

Although this obfervation is fubjefl, from the circumftances 
fiaied before, to an uncertainty of half a minute in time, as 
to the middle of the occultation \ yet, as the geocentric m6^ 

lion 
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fion of Mars^ was at this time not quite two feconds of Jk de- 

gree in three minutes^ his place (that of the ftar being 

rately known), may certainly be determined by this obferva- 

tion within a (ingle fecond ; with a view, therefore, of afeer* 

taining the accuracy of the tables of Mars, given in the lad 

edition of De la Landers Agronomy, the longitude and latU 

tude of Mars were computed with care as follow : * 

1796, April 17^ 13*^ 12' 18'' apparent time at Greenwich. 

Gcoc. Long. Geoc. Lat. Auft. 

Mars 8* 27® 7' 37" 0® 20' 41" 40"' uncorredled, 

for aberration or parallax. And April, IS** 13^ 12' 18^' his 
place was 8- 27® 23' 2" 0® 22' 58" 18'" 

His daily motion in longitude, was therefore 0® 15' 23", 
and in latitude 0® 2' 16" 38'" increaling. 

His aberration in longitude at the time of obfervation, 
was — 3". 97, and his horizontal parallax, that of the Sun 
being taken at 8''.72, was 1 1".712. 

The parallax mi longifude and latitude, computed by the 
tables of the Nonageiimal for Greenwich, given in the Con^ 
naijjunce des Tans for 1773 is. Par. Long. + 1".772, and Par. 

Lat. + 1 1".2. 

The apparent place of Mars at the time of the occultation 
was, therefore, by ihefe tables, 

Geoc. Long. Gcoc. Lat. Aufti 

8" 27® 7' 34",8 0® 20' 52''.9. 

But the place of the dar, as fettled at Greenwich, was at 
the time of occultation, 

Long. Lat. Auft. 

8* 27° 6' 19" 0® 20' 4l" 

And as the centre of the planet paiTed about two fifths of 
his femidiameter fouth of the fiar, and the apparent diameter 
of Mars at that time was very nearly fourteen feconds and an 
half; the diflference of latitude between the fiar and Mars, 
may be efiimated at three feconds, without pollible error of 
above half a fecond. 

The apparent place then of Mars, as found by obfervation, 
was, 

Geoc. Lon^. Geoc. Lat. Auft. 

8* 27® 6' 19^ 0® 20' 41" 

and the error of the tables is in longitude -{- 1' 15".$, and > 
in latitude •{- 1 2". 


Had 
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obfervation been made under favourable circum- 
flanet Mais* dances, the diameter of Mars might probably have been de- 
duced from it with a great degree of accuracy ; although fuch 
determination would always have been fubjedt to uncertainty, 
from the etfedts of the refradlion of his atmofphere, which it 
is impoffible to eflimate, but which leems, from fome circum- 
^ fiances, to be very conftderable. 

In the prefent obfcrvation, two other caiifes of uncertainty 
cxift. T!ie firll is, the doubt of the duration of the ucculta- 
tion ; the fecund, the poflibility of nullake in the eflimalion 
of the driUiice of the ftar from the centre of Mars. 

The fji fl of theiecaufes cannot induce an error of more than 
two thirds of a fecond in the eftimate of his diameter. Pro- 
bably the error is not more than half I hat quantity. 

The probable error ariting from the fecond caufe, may 
amount to about the fame quantity as the ioriner. Of this 
1 foimed as near a judgment as 1 could, by drawing Figure 
Plate XII , and placing the path of the tiar at its utmofl Jiniil^' 
ol diliance from the centre by my eye. If the eflccls ot both 
thefe caules lie the fame way, an error of a lecond and an 
half in the determination of the diameter of Mais, may jioi- 
fiblyarife; but it is highly probable, that the* error is veiy 
much lefs than that quantity, putting (lie elfecl^ of refraction 
out of the quefllon. 

Having, therefore, to the beft of my power, (oinpared all 
the <ircumftances of the obfcrvation, and the cijt'cts oi the 
abo\e caufes; I cf.ntidcr the equatorial diaiiK iei of Mars^ as 
icfulting trom it, to be at that lime and as (he di)t.ine< 

, of Mars from the EartI*. was then 0.7 1 ij(^, the Sun's mean 

diftance being 1, the diametei ot Mars at the mean ditlance 
of the Sun, would be 10\8. Dr. Hericlud, in ins lafl papci 
oil Mars, makes it 

As all the caufes of erroi in rny ribfervalion, tend rather to 
diminifli than increafe the lize of the planet, 1 am (urprilcd 
that I flioiild have exceeded his elliniale; which is, however, 
Icfs than that of former aftronomers. 

This, Sir, is all that has occurred to me on the fubjed of 
this very uncommon obfcrvation. 

You will perceive, that 1 have not, in my eflimations of the 
, diameter of Mars, or of the diftanccs of the liar from his 
jijiib, made any mention of the fpheroidical figure of the'pla^ 
, net. The differences in the refu Its would be perfedly infen- 

iible, 
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(ibie, if that element had been confidered ; and as I never ^ * 

liave been able to perceive the difference of his diameters^ 1 
cannot but fulpeft it to be lefs than Dr. Herfchel fuppofes. 

I am, 

Dear Sir, 

Your obliged and faithful, 

j\lnij2’S, 1797. H. C. ENGLEFIELlJ. 

P. S. In the ConnaiJJance des Tam for the )'ear VI. page 
k^7, and ^ ear VII. page 428, are accounts of an obfervation 
of this occultation, made at Aubenas, or Viviers (for it is not 
certain at whic h ofthefe places) by Mr. Flaugergue, member 
of the National Inflitute. It is not clear from thefe accounts 
that he adiially law the emerfion : at 15** 5S' 25'', apparent 
tune, he, faw the flar^ diflant from the limb of the planet only 
by an interval ec^ual to the fuppofed breadth of the dark part 
of the clifc of Mars, and It was extremely faint, but perfedlly 
white. Its pofil'on was about 20® to the weft of the vertical, 
and above thci lioiizonlal diameter. Mr. Flaugergue fuppofes 
that the liar pafted within a fecond of the northern limb of 
Mars, and niuft have been hidden ten minutes and an hal/w 

7 \s the place of obfervation was in a lower latitude than 
London, the obferver there muft have feenthe ftar pafs nearer 
(he centre of IVlars than I did, the cffetl of parallax being lels, 
and the occultation luuft in confcquence have lafted longer : 

(nil my obfervation proves, beyond a doubt, that the ftar 
paired much nearer the centre than Mr. Flaugergue fuppofes, 
as 1 loft fight of the ftar at leaft nineteen minutes and an half. 


IX. 


Letter from Mr, Ezekiel Walker, containing a confiderablc 
Improvement in Timc^Ficces bp Mr, BaRraud, with i?t;- 
marks. 


To Mr. NICHOLSON, 

SIR, 

The method of determining the longitude by time-keepers. The detcrmlm- 
pofteftes fome advantages fuperior to any other that has yet» j*®" longitude 
been propofed. In the firft place, this method is attended i /more eafya^ 

with can bf oftener 
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made than by 
ocher mechodi. 


Remarkable cafe 
in proof. 


But time-kcep- 
crB arc very ex- 
penfive, and 
liable to irregu- 
larity. 


Difcovery of 
Mr- Barraud, 
by which timc- 
keepera are ren- 
dered more per- 
fefti and 
cheaper. 


with very little trouble ; and, fecondly, the longitude can be 
found oftener by a time-keeper than by any other means. I 
have not met with a more ftriking proof of this pofition, than 
in the voyage of La Peroufe round the world in the (hip La 
BoulTole. Between the 1ft of Auguft 1785, and the 8lh of 
September 1787> this celebrated navigator took only 72 lunar 
obfervalions ; but he took 393 obfervations on the longitude 
by his time-keeper No. 19. This is an unequivocal proof of 
the benefits that navigation derives from this mode of finding 
the longitude. 

It is to be regretted, however, that time-keepers arc ex- 
penftve and liable to ftop, or go irregularly. Were it not for 
thefe inconveniences, no other method of finding the longi- 
tude need be fought after. But a difcovery was made by Mr. 
Barraud, about the clofe of the laft century, on the effefts of 
oil on time-keepers, which not only reduces them in price, 
but contributes to their performing with greater precifion. 

Mr. Barraud had frequently communicated to me his im- 
provements in chronometry, but this difcovery on the effects 
of oil, appeared a matter of fo much importance, that I wrote 
to him, requefting his leave to pubWfh it, and the following 
extrad is taken from his obliging anfwcr. 


To Mr. WALKER. 


DEAK SIR, 


London, Jan, 28, 1 80-1. 


Letter from Mr. 
Barraud. 


TewcUlng the 
holes of time- 
keepcis is inju- 
rious 5 


the oil in fuch 
holes being * 
fooner vitiated 
than in brafs 
holes. 


I AM much pleafed to find that it is ^our intention to favour 
the public w’ith your obfervalions on chronometry, and lhall 
derive fatisfadlion in contributing my mile to fo defirable an 
end : you are therefore welcome to ufe fuch information as my 
experience of fadts enables me to furnifli. 

The ftate of my regulator I have already deferibed [in a 
former letter], from which I infer, that fo far from jewelled 
holes being advantageous in clock-work, they are abfolutely 
injurious. That they are equally fo in chronometers, I have 
had abundant experience, having found, almoft without ex- 
ception, in chronometers coming off a long voyage, the oil in 
a much worfe condition in the jewelled holes (particularly in 
thofe where the fridlion was confiderable) than in the brafs 
ones. I have therefore been induced, in every inftance, to 
rejcdl jewelled holes, and introduce thofe of brafs, and the 


altera 
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alteration has been conHantly favourable to the performance of 
the time-keeper. I (hould be happy in having a commumca-i 
tion with you viva voct on this theme, &c. &c. 

I am, &c. 

P. P. BAKRAUD. 

That Mr. Barraud has not made this alteration in his chro- 
nometers, in a liafty manner, will appear from the following 
extradl taken from another of his letters. 

To Mr. WALKER. 

DEAR SIR, London, Juli/ 17, 1800. 

SINCE we parted, I have found additional reafons to 
believe that jewelled holes (where fridlioii is great) are in- 
jurious. A box time-keeper which I have recently taken to Inftanoe of » ^ 
pieces, on its return from a long voyage, had the oil in 
brafs holes in a much purer ftate than in the jewelled ones. In was much more 
the former it ftill remained in a ftate favourable for aflion, but in the 

in the latter, the pivots were fo fixed by the tenacity of 
oil, as to require force to extricate them ; the ftecl was alfo 
ifcecply ftaiiied, and had parted with all its luftre, &c. &c. 

I am, &c. 

P. P. BARRAUD. 

From ihefe and many other obfervations made by Mr. Moft probably 
Barraud upon the effedls of oil on time-keepers, it appears 
that fmall particles of fteel are worn off by fridlion in the *^^^^** 

jewelled holes, and mixing with the oil, form a glutinous fub- 
ftance that caufes the time-keeper to go irregularly. 

On the Adion of Cold on Oih, 

IT is a known property of fome oils, that they; freeze much Olive oil frceiei^ 
fooner than water. The oil of olives freezes at 42p on degrtti. 

Fahrenheit's fcale, confequently the pureft oil of this kind 
will lofs. its fluidity fooner than that which contains fome 
aqueous., particles. Hence we may conclude, tha! watch- 
makers ought to make choice of that oil which freezes with 
the leaft degree of cold ; and as cold has no power to decom- 
pofe olive oil, it need not be reje£led on account of its liaving 
affumed the concrete form. 


In 
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In confequence of this oil freezing much fooner than water, 

the following queries feem to claim our attention : 

Hence it may ^uery 1 . Will a time-keeper go at the fame rate when the 

frozen, that it did when the oil was in a fluid (late ? 

and keep time- If this query be anfwered in the negative, 2. Would 

keepers at tern- improper to adiuft the compenfation balance in 
peraturcs be- r r j i 

tween 43 *’ and frofty weather ? 

§lueiy 3. Would it not be better to adjuft the compenfation 
for the effefls of heat and cold at 43® for the greateft degree 
of cold, and at 96 or 100® for the other extreme ? 

A chronometer adjufted in this manner, (hould never be 
expofed to a greater degree of cold than 43. This may be 
eafily done with pocket chronometers, but to keep the oil 
from freezing in box time-keepers, in cold climates, more 
care may be requillte- 

Oil has other properties which ougid to be carefully examined 
before it be applied to time-keepers, but this is an inquiry 
which mud be left until fome future opportunity# 

I am. Sir, 

With much refpeft. 

Your humble fervant, 

E. WALKER. 


X. 


Letter from C. Wilkinson, Efq. containing FaSis upon which 
Dedudtions are made to Jkcxv the Law of Galvanifm in burn- 
ing the Metals, according to the Difpofition of equal Surfaces 
of charged Metallic Plate, 

To Mr. NICHOLSON, 

SIR, 

If the following obfervations ftiould be deemed worthy of 
infertion in your valuable Journal, I fliall lake the liberty of 
troubling you with fome further remarks hereafter. 

1 am. Sir, 

Yours refpedfully, 

. Soho Square. Q. WILKINSON. 


5 


When 
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When the French philofophers had afcertained that a feries lntr(«du£tiotw 
of galvanic plates produced etfe6ts on animal lubftances in pro- 
portion to the number of plates employed, without any regard 
to the furface of each plate, they concluded from their ex- 
periments, that the effects of a galvanic battery on metallic 
iubffances are in proportion to the furfaces of the plates em- 
ployed. I have lately been engaged in experiments with the 
inoft extenfive galvanic apparatus hitherto conftru6led, from 
which (bnie circumftances have occurred, in fome refpe6ls 
militating with the deducllons of the French philofophers. 

A galvanic trough containing one hundred fquare plates ofOne hiinHrcJ- 
four inches in the fide, each plate formed of a plate of zinc 
and copper foKlered together; w'hen charged with a lolution offquaic bumed 
nitrous acid and water in the proportion of about 25 parts an inch of 
water to <)ne of acid, exhibited a power capable of igniting 
half an inch of ffeel wire of about one fevenlieth of an inch 
in diameter. 

When two^ch troughs were combined endwife, the power Oiher trough# 
was doubled, and when four were thus arranged, the quantity Junud 
of wiie ignited w’as quadrupled ; hence 1 afcertained in a very w'm* inpnqinr- 
extenfive arrangement, that the power is invariably in proper- [>^ ”(>7 plates**”" 
lion to the number of plates employed. 

A galvanic trough confifting of fifty fquare plates of eight A trough o/’ 
inches each in the lidc w^as charged with a fimilar prepared fo- mor^ ^ 
lution, and this arrangement I found capable of igniting fix- power, 
teen inches of the lame wire as was employed in the former 
experiment. 

When two, three, and four troughs of the fame fize were — which in- 
eombined, the lengths of wire ignited proved to be in propor- ^reafed propor- 
tion to the number of plates employed; fo that two hundred 
eight inch plates ignited more than five feet of wire. 

Thefe experiments prove that the powers increafe in a r.x;»rr in irion of 
greater ratio than as the furfaces of the plates employed. For 

^ . crfal'.* in the 

four hundred plates of four inches, contain an equal f urface with pu Act oi larger 
one hundred plates of eight inches; and the former will only 
ignite two inches df the fame wire, of wliich the latter will 
ignite thirty-two inches. 

If this proportion thou Id be obferved in experiments with By eqtui rota! 
plates of different fize, it will appear that the powers of t'Jo* 

niting, as meafured by tlie length of w ire, increafe, in batteries fqu iie of the 
of the fame total furface, as the fquares of the furfaces of the 
elementary plates, fingly taken in each. ' ^ 


A plate 
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Reafoningm 
the feftt. 
Large platei 
throw our elec- 
tricity more 
rapidly. 


The ele^ricity 
Is thrown out by 
the parts under 
the procefs of 
Axidatioi^ 


4— 4nd thus by 
tleftrophoric 
a£lion produces 
a negative ftate 
on the unoxided 
furface. 


A plate of eight inches diameter expofes a furface four times 
greater than a plate of four inches, and fuppofing the quanti- 
ties of eledricity given out, to be in proportion to the furface 
expofed to the chemical action of the fluids, the intenfity of (or 
rapidity of evolution from) each plate of an eight inch trough 
may be efli mated as four times greater than the intenfity of 
eledlricity from the four inch plates; but the power of ignition 
is fixteen times greater. 

Upon Ihefe remarkable circumfiances I (hall venture to fub- 
mit to you a few conjedliires. 

A fimple galvanic combination refembles in its properties a 
Leyden phial, that fide of the metallic plate which undergoes 
thegreateft change refembles the |)oritive fide of the jar, and 
the other fide, the negative, there being no other difference 
between ele£tr icily and galvanifrn, than the mode in which 
they are produced. I’deOricily which appears from the exci- 
tation of glafs, is occafioned by a temporary change in the 
capacity of the gla(*s tor electricity, while undp the rubbing 
action, being momentarily increafecl; while galvanifrn is in 
fome refpefls the reveife, being occalioned by the dimini flied 
capacity of good condu6ting bodies, when expofed to certain 
chemical changes. Thus metals whief) are excellent conduc- 
tors, when oxydatcvl become non-condiulors. While they 
undergo this change a portion of the combined cle6tricily is 
evolved, and confequently in the part thus changing pofitive 
figns will be evinced. 

The eledlricity cxifling in an unchanged metal being per- 
fe6tly quiefeent, is fubjedt, when rlifturbed, to thofe laws to 
which all material fubdances are amenable ; namely of mov- 
ing in the dirediion where it meets with the lead refi dance. 
As the diredlion of the eledlricity is from the fubdance of the 
metal towards the furface undergoing the cliemical change, it 
mud follow that the other fide of the metallic plate which is 
defended from the action of the fluid will evince negative figns, 
while the fide adled upon pofitive, nearly upon the fame prin- 


ciples as thofe of the eledtraphams. 

The <lifcharg€ is In effedling a difeharge of the galvanic battery, the circuit 
by a fucceffiou mud be completed between the zinc and copper ends of the 
pairs *of ylatcs^,*' battery. The two plates neared the points of contadt are fird 
concluded ; thus the two next, and fo on in fuccelfive parts, 
each plate at equal didances from the points of contadt; ‘and 


4 


the 
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ilie lafl pair which is iinloarled, are the two plates in the cen- 
tre of the (roLiirh. In an arraiiiieinent of only 50 or (SO plates, — confequcntly 
. ... , .. ^ r , the whole dif- 

tlie rapidity ol each lueeethve liifeiiarge appears lobe lo great of equal 

as not to admit of the iiUcivals being diftinguiflied by our fenfe fuifaces is more 
of feeling ; i)iit when the number is very confiderable the fen- 
l.ilion proiliiced i'' Jarring and tremulous, fuch as w-e may con- 
ceive would anfe tioin ihe ai^ion of a conftant current of a 
fublile fluid. 

When we expofe metallic fubftances lo the galvanic action, —and thequan- 
llie effects produced are gi eater from a large furfacc g^^ually 

over a fmall number of plates, than when fpread over a greater in the wirr at 
number of plates: it we fuppofe 80(J particles of eledlricity 

* * * ■ ■ V (line IS greater* 

given out from a plate of eight inches in diameter, there would 
only be 200 particles from a plate of four inches (fuppofing the 
quantity in the ratio of the furfaces expofed) if two plates be 
unloaded at once, we fliall have from one arrangement IGOO 
particles of elcflricily determined in one niafs, and from the 
other only 400; from the former we have a rapid commu- 
nication (jf a (juanlity of electricity of four times the inlenfity 
of the latter. And as meldllic fubflances nearly tranfmit the 
whole, tlie cITeds produced arc found to be as the fc|uares of 
the inlcnlities. 

1 am now conllruCling a battery of fifty plates, each plate A battery now 
of whicli w'lll be two feet in diameter. If the above circle 

to cxpkxk* above 

fliould hold good, the extent of wire that will be ignited will loo tcetot wire* 
be very confiderablcL A battery of 50 plates, each plate eight 
inchc-s in diameter, ignlles 16 inches of fteel wire of one feven- 
tieth of an inch in diaiiieler. And as the plates 1 am now pre- 
paring will ex pole a furfiice nine times greater, I fliall expeCl 
that 16 X 9 X 9 ZI 1296 inches, or 108 feet of wire will be ig- 
nited at every contact. 


VoL. VII. — March, 1804. 
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XI. 

* 

Account of the Chani'cs that have happened, d'lr/irj'lhe lafi Twenty- 
Jive Years, in the relative Situation of Douhlc-Jlavs; with an 
I nvejii^ation of the Caufc to ivinch they arc owin^. By W i l- 
LiAM Herscukl, LL. D. P\ R S, From the Philojhphical 
Tranfaftions for 1803. 

Read June 9, 1803. 

General obfer- In the Remarks on the Conftrudion of the Heavens, con- 
thcory*of'the* tained in my laft Paper on this fubjeft,* I have divided the va- 
heavcnly bodies, rious objeds which aftronomy lias hitherto brought to our view, 
irdo twelve clalTes. The firll comprehends infulated ftars. 

As the folar fyflem prefents us with aJl the particulars that 
may be known, refpccling the arrangement of the various fii- 
bordinate celeftial bodies that are under the influence of flars 
which I have called infulated, fuch as planets and fatellites, 
afteroids and comets, 1 fliall here fay but little on that fubjedl. 
It will, however, not be amifs to remark, that the late addition 
of two new celeftial bodies, has undoubtedly enlarged our know- 
ledge of the conflruftion of the 1) flein of infulated ftars. 
Whatever may be the nature ot thclc two new bodies, wc know 
that they move in regular elliptical orbits lound the fun. It i$ 
not in the lead material v^hethcr we call them afteroids, as I 
have propofed; or planetoids, as an eminent aftronomer, in a 
letter tome, fuggefted ; or whetiier we admit them at once into 
the clafs of our old feven large planets. In the latter cafe, how- 
ever, we muft recoiled, that if we would fjieak with precllion, 

• they fliould be called very Imall, and exzodic\al ; for, the great 

inclination of the orbit of oneot them to the ecliptic, amounting 
to 35 degrees, is certainly remarkable, riiafof the other isalfo 
confiderable ; its latitude, the lafi time I faw it, being more 
than 15 degrees north. Thcfe circumllances, added to their 
fmallnefs, fliow that there exifts a greater variety of arrange- 
ment and fize among the bodies w^hich our fun holds in fubor- 
dination, than we had formerly been acquainted with, and ex- 
tend our knowledge of the conftrudion of the folar, or inlulateil 
ftdereal fyftem. It wdll not be required that 1 Ihould add any 

^ • See Phil, Tranf. for 1802, p, 477, and our Journal, V, 7 

' thing 
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thing farther on the fubje6t of this firft article of my clafllfi- Gqneril aUcr- 

cation ; I may therefore immediately go to the fecond, which ''“tions on the 
* * i/'n theory of the 

treats ot binary fidereal lyltems, or real double ftars. heavenly bodies, 

We have already fliewn the podibiiity that two ttais, whaU 
fbever be their relative magnitudes, may revolve, either in circles 
or ellipfes, round their common centre of gravity; and that, 
among the multitude of the ftars of the heavens, there fliould 
be many futhciently near each other to occation this mutual 
revolution, muft alfo appear highly probable. But neither o4 
thefc confi derations can be admitted in proof of the adiual ex- 
iftence of fiich binary combinations. I Ihall therefore now 
proceed to give an account of a feries of obtervations on double 
ftars, comprehending a period of about 25 years, which, if J am 
not miftaken, vvill go to prove, that many of them are not 
merely double in appearance, but ninft !)e allowed to be real 
binary < omblnalions of two ftars, intimately held together by 
the bond of mutual attraction. 

It will be necenTary to enter into a cerfam theory, by which 
thefe obftjrvations ought to l)e examined, that we may find to 
what caufe we fliould attribute fiieh changes in (he pofition, or 
dlftance, of double ftars, as will he reported; and, in order to 
make the required princi[)Ies very clear, I fliall give them in a 
few fliort and numbered (entences, that they may be referred 
to hcrcatlcr. 

In Plate. X. Fig 1 . let us call the place of the fun, which Tlieory of tbe 
may alfo be taken for that of the obferver, O. In the centre of 
an oibit or plane N P" S P is a Geminorum ; and, if any other 
liar is to be examined, we have only to exchange the letter x 
for that by which fuch double ftar is known. This letter is , 

always underftood to reprefent the largeft ot the two ftars which 
make up llie double ftar; and a general expreftion tor its fmaller 
companion will be x. N, F, S, P, rcprelent the pofilions ot the 
diflerent parts of the heavens, with retpedt to a, north, fol- 
lowing, fouth, and preceding; and the (mail letters n, J\ s,p, 

Hand for the fame diredions with relpe6l to O. oraP, is the 
angle of pofition of the two ftars x and «, with the parallel 

FP. 

As the motion of an obferver aftedls the relative (ituation of 
objeds, we have three bodies to confider, in our inveftigation of 
the caufe of tlie changes which will be pointed out; the tun, 
the large ftar, and the (mall ftar, or, as wg have ftiortly called 
P 2 them, 
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Theory of the them, O, *, x. This admits of three cafes ; a motion of oneot 
fl^iontof the three bodies; another, of two ; and a third, of all the three 
bodies together. We fliall now point out the confequences liiat 
will arife in each of the cafes. 

Single Motiim'i. 

No. 1. Motion of X. When a and O are at refl, the motion 
of X may be affumed, fo as peifeClly to explain any change ot 
the diftance of the two flars, and of their angle of poliuon. 

No. 2. Motion of a. When j and O aieat reft, and a has 
motion, cither towards P, N, F, or S, then the effed of il, 
whatever may be the angle I* a C), will he had by entering the 
following Table, with the diiedlion of the given motion. 


1 Motion. 

Diftance. 

Angle. 

Quadrants. 

aP 



+ 

J ft and 4th 

i 

+ 


2 ' ' 3 

j «F 

! 

+ 


1 4 

- 

+ 

2 3 

aN 

1 

— 

1 2 

+ 

+ 

3 4 

aS 

+ ! 

+ 

J 2 

! 


3 1. 


No. 3. Motion of O. J ft cafe. When and x arc at reft, and 
the angle P a O is yo degrees, a proper motion of O, towards 
either /?,/, /I, or A', which will be extremely fmall when com- 
pared with the diftance of O from a, can have no e/fed on the 
apparent diftance, or angle of pofition, of the two ftars ; and 
therefore no other motion, compofed of the directions we have 
mentioned, will induce a change in the comparative filuation of 
ic and X, 

2d cafe. When the plane P N F S is oblique to the ray a Q. 
and the angle P aO more than 90 degrees, the efteCt of th« 
motion of O will be had by the following Table. 


Motion 
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Motion. 

Di dance. 

Angle. 

Quadrants. 

i O p 

+ 


id and 2d 

3 4 

Of 

— 

+ 

1 - 2 

3 4 

On 

+ 

+ 

1 3 



2 4 

O v * 

- 


1 3 

+ 

+ 

2 4 1 
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3il cafe. When ihe angle P a O is lefs than S)0 degreesy the 
fullcjwing Table niiift be ufcd. 


Motion. 

Di dance. 

Angle. 

Quadrants. 

Op 




+ 

Id and 2d 

3 4 

Of 

i 

+ 

— 

1 2 

4 

( 

()// 

+ 

+ 
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1 1 
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1 3 

2 4 


Double Motions, 

No. U If we acliiut diflerent motions in two of our three 
bodies, and if llie ratio ot the velocities, the diredions of the 
motions, and the ratio ot (he didances of the bodies be given 
fjuantities, a fuppotition in which we admit their concurrence, 
may explain the phenomena of a double ftar, but can never be 
piobable 


Motion.^ of ihe three Bodies, 

No. If we admit different motions in every one of the 
tluee bodies, O a, x, and if the velocities and directions of the 

motions. 
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Ttory of the motions, as well as tho relative diflances of the three bodies are 
determined, an hypothefis which admits the exiftence of fuch 
motions and iitiiations, may refolve the phenomena of a double 
ftar, but cannot have any pretenfion to probability. 

The conipafs of this Paper will not allow me to give ihe ob- 
fervations of my double ftars at full length ; I fliall therelore, 
in the examination of every one of them, only ftate thofc parti- 
culars which will be required for the purpole of invefligaling 
the caufc of the changes that have taken place} either in the 
diflance, or angle of pofition, of the two ftars of which ihe 
double flar iscompofed. 

As the arguments in the cafe of mod of thefe dars will be 
nearly the fame, it may be expeded, that the fird two or three 
which are to be examined will lake up a confiderable fjiace, 
and the number of double ftars, in wdnch I have already afeer- 
tained a change, amounting to more than fifty, it will not be 
pofiible to give them all in one paper ; I fliall therefore confine 
ilic* prefent one to a moderate lenglli, and leave it open for si 
conliniialion at a future opportunity* 


cc Geminorum, 


Obfervatlons and 
inferences re- 
fpe^ing the 
changes of re- 
lative fituation 
in ftars* extieme- 
ly near each 
other* 


From my earlled oLfervations on the didance of the two dars 
which make up the double dar in the head of Caflor, given in 
the fird of my catalogues of double dars, we find, tliat about 23 
years and a half ago, they wc ie neaily luo diameters of the 
large dar afuiuler. I'hefe ohfervations have been regulaily 
continued, from tne yi*ar 177S to the prefent time, and no al- 
teration in the dldaneehas been perceived : the dars art' now 
dill nearly two diameters of the large one afiinder. 

It will be neceflary to enter a little into the practicability of 
afeertaining didances by a method of ediniation apparently fo 
little capable of prccidon. Fiom a number of obfer vat ions and 
experiments I have made on the fubjeCt, it is certain that the 
apparent diameter of a dar, in a reflecting telefl ope, depends 
chiefly upon the four following circumdances : the aperture of 
the mirror with refpeCt to its focal length ; the diflinCtnefs of the 
mirror; the magnifying power ; and the date of thealmofjphere 
at the time of obfervation. By a contraction of the aperture 
we can increafe the apparent diameter of a dar,, fo as to make 
it refemble a fmall planetary difk. If didinCtnefs fliould be 
wanting, it is evident that the image of objeCts will not bC fliarp 


and 
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and well deflned, and that they will confequent!) appear larger 

than they ouglit. Tlie effedl of magnifying powei is, to occaiion fpeaing the 

a relative increafe of the vacancy between two ftars tliat are chaoges of re- 

Very near each other ; but the ratio of the increafe of the dif- 

tance is not proportional to that of the powder, and fooner or iy near each 

later comes to a maximum. The ftate of the almofphere is per-®^*'®*^* 

haps the motl material of the four conditions, as we have it not 

in our power to alter it. The efFefls of moifture, damp air, and 

hazinefs, (which have been related in a paper where the caufes 

that often prevent the proper a6tion of mirrors were dif- 

cutfed,) (how the reafon why the apparent diftanceof a double 

ftar (liould be affeded by a change in the atmofphere. The 

alteration in the diameter of Ardurus, extending from the (irfl 

to the lad of the ten images of that dar, in the plate accompan) - 

ing the above-mentioned paper,* (hows a fufficient caufe for an 

increafe of the didance of two dars, by a contradion of their 

apparent difks. A (kilful obferver, however, will foon know 

what date of the air is mod proper for edimations of this kind. 

I have occafionally leen the two dars of Cador, from 1 ^ to 2 
and 2 ^ diameters afunder ; but, in a regular fettled temperature 
and clear air, their didance was always the fame. The other 
three caufes which adedlhcfe edimations, are at our own dif^ 
pofal ; an indance of this will be feen in tiie following trial. 1 
look ten different mirrors cf feven feet focal length, each hav- 
ing an aperture of (j, 3 inches, and being charged with an eyc- 
glafs which gave the telefcope a magnifying power of 4-60. 

With lliefe mirrors, one after another, the fame evening 1 
viewed the two dars of our double dar ; and the refult was, 
that with every one of them, the dars were prccifely at an equal 
didance from each other. Thcfe mirrors were all futhcienlly 
good to (liow minute double dars well; and fiich a trial will 
confequently furnifh us with a proper criterion, by which we 
may afeertain the goodnefs of our telcfcopc, and the rlearnef!): 
of the atmofphere required for theie ()bfervalif)ns. To thole 
who have not been long in the habit of obferving double dars, 
it will be neceffary to mention, that, when fird (een, they will 
appear nearer together than after a certain time ; nor is it (o » 
foon as might be expefled, that we fee them at their grcatcii 

♦ See Phil, Tranf. for 1S03, page 232, Plate III. 

diftanrc. 
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Obfcrvaiions and (J I fiance, 1 have known it to take up two or three months, 
fpcStn^chr' the eve was fuffieicnl!y acquainted with the obje6t, to 

changes of re- judge with the requifite piecihon. 

lative Tituation Whatever mav be the ditliculties or uncertainties, attending 
Jy near each the method of determining the dillancc of tAOclofe liars by 

other. an ellimation of the apparent diameter, it miin: however be con- 

fefled, that wc have no other way ol obtaining the fame end 
with fo much j>rcclfion. Our prefent indance of a Geminorum, 
will Hiow tiie degree of accuracy of which Inch edimations are 
capable, and at the fame time prove, that the puipofe for which 
I fhali life the cdiinated intcival between the two dars will be 
fufhcicntl)’ anfwered. liy an obferv.ilion (d the 10th ot May, 
1781, wc iiave the diameter of the laiged of the two dars to 
that of the 1 mailed as d to .'5 ; and according to feveral mea- 
fures I have taken wdth the micrometer, we may admit their 
di dance, diameters included, to be five feconds. Then, as the 
vacancy between the two dars is nearly, but not quite two dia- 
meters of the large one, I fliall value it al 1 1-. From this wc 
calculate, that the diamelcT of the large dar, under the circum- 
dances of our edimation, is nearly V',35: fo that an error of 
one quarli^r of fucli a diameter, which is tlie mod we can admit, 
will not exceed Nor is it of much coiirequcncc, if the 

nieafure of 5'^ Ihould not be extremely corred; as a fmall 
midake in that quantity will not materially afTctl the error of 
eltiinalion by the diametei, whicii, from what has been faid, it 
the mcafurc was faulty to a fecund, w'ould nota^noiinl to more 
than oiic-fifteenth part of it. 

H iving thus afeertained that no perceptible change in the 
difiance of the dars has taken place, w^e are now to examine 
the angle of podlion. In the year 1779, it was 32® 47' north 
P'lCceding; and, by a mean ol’ the three lad meafures I have 
taken, it Is now only 10° 63'. In the (pace of about 23 years* 
and a half, (hcrciorc, the angle of pofition has manifedly under- 
gone a diminution, of no Ids than 21® 34'; and, that tliis change 
has been brought on by a icgular and gradual decreafe of the 
angle, will be feen when the red of the meafures come to be 
examined. 

The accuracy of the micrometer w^hich has been ufed, when 
the angles of pofiiion w'crc taken, being of the utmod im- 
portance, it becomes necedary to afeertain how far it will be 
fafe to rely on the rcfult of the meafures. It might be eatify 

fliown 
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ftiown that, in the day time, a given angle, delineated on a canl, 

and ftuck up at a convenient diftance, may be lull as accurately fpeft'mg the 

mealured by a telefcope furniilied w'ith ibis micrometer, as it 

can be done by any known method, when the card is laid on a initarsextrems* 

table before us ; but this would not anfwer my purpofc. For, ly near each 

objects in motion, like the ftars, efpecially when at a diftance 

from the pole, cannot be meafured with fuch fleadinels as thofe 

which are near ami at reft. 1 iic method ol illuminating 

the wires, and oilier clrcumftanccs, will iikewile aftcct ihe 

accuracy of the angles that are meafured, efpecially when the 

diftance of (he ftiirs is veiy fiiiall. 1 lhall therefore have rc.- 

courfe to aftronoiiiical obfcrvatioiis, in order to fee what thif 

micrometer has aduall) done. 

January 22 , 1 SO'i. The pofition of A Orionis was taken. 

1ft meatuic, .52^^ foulh preceding; 2d mealurc, 51*'^ 1 1 - 
Mean of the two meafures, 2()^ Deviation of the mca- 
fures from tin* mean, 4S'. 

March 4, IS02. II Monocerolis. ift meafiire, 28® ISToulh 
following; 2d ineafure, 49'. Mean ot the tw’O, 27® 31*. 

Deviation fiom the mean, 43'. 

Febuvary 9, 1803. a Geminorum. ift meafure, 6** 11' 
north pieccdmg; 2d meafure, 4° 4S'. Mean of the two, 

3® 29'. Deviation froiri the mean, 41'. 

September 6 , 1802. »i Coionae. ift meafure, 89^ 42' 
north following ; 2d meafuie, 89° 38'. Mean of the two, 

89° 40'. Deviation from the mean, 2'. 

When ihclc oblerv ations are confidered, we (hall not err 
much if vve admit that, in favourable circumftances, and with 
proper care, the micrometer, by a mean of tw’O meafurCvS, will 
give the polition of a double ftar true to nearly one degree; 
but, as the opportunities of taking very accurate meafures are 
fcarce, it will be necetfary to have rccourfe to fome more dil* 
cordant obfervations. ^ 

February 18, 1803. Orioni"'. ift meafure, 72 53 

fouth preceding; 2d meafure, 67^2 4'. Mean ot the two, 

70° 11'. Deviation from the mean, 2 ^ 47'. 

But a memoranduin to the obfervalion fays, that the even- 
ing w’as not tavouiablo. We may therefore admit, that in the 
worft circumftances vvliich can be judged proper for meafur- 
iiig at all, an error in the angle of pofition by two meafurei^ 
will not amount to three degrees.-* 
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CAUSED or THE CHANGES OF RELATIVE 

It will be remarked, when we come to compare fingle 
meafures which have been taken on different nights, that they 
are fomewhat more difcordant ; but I have not ventured to 
rejedl them on th^t account, except in cafes where it was 
. pretty evident that fome miflake in reading off, or other ac- 
cident to which all aflronomical obfervations are liable, was 
to be apprehended. Nor can fuch difagreements materially 
affefl the conclufions I have drawn, when it appears that the 
deviations happen fometimes to be on one fide, and fometimes 
on the other fide, of the true angle of pofition. For, fince 
that angle is not a thing that will change in the courfe of a 
few nights, the excefs of one meafure will ferve to corredl the 
defedl of another ; and we are not to think it extraordinary, 
when fiars are fo near together, and their motion through the 
field of view (in confequence of the high magnifying power 
we are obliged to ufe) fo quick, that we (liould now and then 
even fall fliort of that general accuracy which may be had by 
a careful ufe of the micrometer. 

I ihall now enter into an examination of the caufe of the' 
change in the angle of pofition of the fmall ftar near Caflor. 

A revolving fiar, it is evident, would explain in a moft 
fatisfaflory manner, a continual change in the angle of pofition, 
witliout an alteration of the diftance. But this, being a cir- 
cumftance of which we have no precedent, ought not to be 
admitted without the fullefl evidence. It will therefore be 
right to examine, whether the related phenomena cannot be 
fatisfadorily explained by the proper motions of the ftars, or 
of the fun. 


Single Motions, 

(fl) The three bodies we have to confider, are O, a, and x\ 
and, fuppofing them to be placed as they were obferved tobe 
in the year 1779; the angle x « P, in Fig. 1, will be 32^ 47' 
north preceding. We are at liberty to let the angle P aO be 
what will bell anfwer the purpofe. Then, in order to examine 
the various hypothefes that may be formed, according to (he 
arrangement of the principles we have given, we fliall begin 
with No. ] ; and, as this admits that all phenomena may be 
refolved by a proper tnotion of x, let us fuppofe thisfiar to be 
placed any where fai* beyond but fo as to have been feen, in 
the year 1779, where the flngle of pofition, 32*' 47' north pre- 
ceding 
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ceding, and the obfervcd di (lance, near 2 diameters of the large Obfemtioni 

ilar, required it. With a proper velocity, let it be in motion th# 

towards the place where it may now' be feen at the fame dif- chtngesof re* 

tance from Callor, but under an angle of pofition only 10® 53' Inlurf ex^me- 

north preceding. It may then be admitted, that a fmall decreafe ly near 

of the diftance which would happen at the time when the angle ®**'**' 

of pofition was 21*^ 50', could not have been perceived; fo that 

the gradual change in the obferved angle of pofition, as well as 

the equality of the diftance of the two ftars, will be fufficiently 

accounted for. But the admilTion of this hypothefts requires, 

that (X* Geminorum and the folar fyftem fhould be at reft; and, 

by the obfervations of aftronoiners, which 1 ftiall foon have 

occafion to mention, neither of ihefe conditions can be con- 

ceded. 

{b) If, according to No. 2, we admit the motion of we 
(hall certainly be more confiftent with the obfervations which 
aftronomers have made on the proper motion of this ftar * ; and, 
as a motion of the folar fyftem, which I ftiall have occafion to 
mention hereafter, has not been rigidly proved, it may, for the 
lake of argument, be (et afide ; nor has a proper motion of the 
ftar X been any where atcertained. The retrograde annual 
proper motion of Caftor, in right afcenfion, according to Dr. 

Matkelyne, isO'^105. This, in about 2.3i years, during which 
lime 1 have taken notice of the angle of pofition and diftanco 
of the fmall ftar, w ill amount to a change of nearly 2''',4*7. 

Then, li we enter the ftjort Table 1 have given in No, 2, with 
the motion oc[\ vve hnd, that in the fiift quadrant, where the 
fmall liar is placed, (he ilifiancc between the two ftars will be 
diminidied, and the angle of pofition increafed. Bui fince it 
appears, h) my obfervations, that the diftance of the ftars is 
not lefs now than it was in 1780; and that, inftead of an in- 
creafe in the angle of pofition, it has adlually undergone a 
diminution of nearly 22 degrees; it follows, that the motion 
of a, Geminorum in right afcenfion, will not explain the 
obferved alterations in the fituation of this double ftar. If, 

* See To hire M.iycri Opera inediia* De motu fxarumpreprio, 
page 80. Alfo Di. Maskelyne’s lirft Volume of Obfervations, Ex- 

planation and Ufe of the Tables, p. iv. Or Mr. Wollafton's Af- 
tronomical Catalogue, end of the Preface. Likewife Connoijfanci des 
^Tempspour VAnnh VI. p. 203. Sur It Mouv'^ment particuUer prc~ 
pre a different es Etoilesy par Mons,Dela Lande. 


according 



"■^'20 

ObfcTvgtions 
arul intere.ic '» 
lefpcding be 
cKan^tn (»f le- 
lative fitnation 
in ftars extreme- 
ly near each 
•Cher. 


CAVSK OF THE CHANCE OF RELATIVE 

according lo Mr. De la Landed account*, we fliould alfo 
confider ihe annua) proper motion of a in declination, which 
is given 0'^12 lowards the north, \\c fliall find, b)^ entering 
our Table wiili the motion »N, amomiling to 2"82, that llie 
difiance of* llie two fiars will bo fiill niore diminiflied ; but 
that, on the contrary, the angle of pofiiion wdl be much 
leflTened ; and, by combining the two motions together, tlic 
apparent difks of the two liars fiiouKl now be a litlle more 
Ilian one-tenth of a Iccond from each oIIkt, and tlie angle of 
pofiiion 3.5 degrees (oulh preceding. But, fince neither trf 
llicle effecis have taken place, the hypothefis cunnot be ad- 
mitted. 

(cj That the fun has a proper motion in fpace, I have fliown 
with a very high degree of evidence, in a paper which w'a* 
read at the Royal Society about tw^enty years agof. The fame 
opinion was before, but only horn theoretical principles, 
hinted at by Mr. De la Lande, and affo by the late Dr. Wilfon, 
oF Gla a*id lias, fince the publication of my paper, 

been taken up by fcveral aftronoiners^, who agree that fuch 
motion exilis. In conrequenf e of lhi<, let us now, according 
to No. 3. afligir to the fun a motion in fpace, of aceifain 
velocity and dire<5lion. Admitting therefore oc and a' to be at 
refi, let the angle P^aO be 90 degree^; then, by the III cafe 
of No. .3, w^e find that none ot the obferved changes of the 
angles of pofition will admit of an explanation. There is 
moreover an evident conccllion of the nomt in quetiion, in 
the very iiipporitioij of the above angle ot degices; h^r, if 
jc be at the fame dilt.i nee as ^ from the fun, ami lu; moie than 
y' from that (iar, .ks real diflancc, compared to that of Ihe fun 
from the liar, will be known; and, fince that muli be Icfs 
than the 40 Ihoiifandth part ol our di fiance from Cafior, 
Ihefe two liars mull necelihrily be within the reach of c^ach 
others attradion, and form a binary fyftem. 

{dj Let us now lake the advantage held out by the 2d cafe 
of No. 3, which allows us to place jr far behind a ; in which 

* See page 21 1 of the treatife before referred to. 
t Philof. Tranf. vol. Ixxlii, p. 247. 
t See my note in Phil. Tranf. vol. Ixxiii. p. 283- 
^ See Afironomijhes Jahrbuch fur das Jahr 1786; feite 269. 

. Uber die fortruckung urrferfs Sonnen-Syftemsy *von Herrn Profeor 
Frevoft. U}tdfurdasJabr\hOb\fiite\\^, 


fituatk>n 



FOSITION GF DONBLK STARS. 


231 

fituation, the angle PaO will be more than 90 degrees. The 
ftar X being IcTs than a, renders this hypothecs the more refpeding the 
plauiibie. Now, as a motion of Caftor, be it real or apparent, change*ot‘ re- 
has actually been afeertained, we cannot fet it afide ; the real iiuU«cxt^cnlc» 
motion of O, therefore, in order to account for the apparent one ly neai each 
of a, muft be of equal velocity, and in a contrary diredlion:®^*'"’ 
that is, when decompofed, 0'',105 towards/, and 0'\12, to- 
wards s. The effedl of the fun's moving from O towards/, 
according to the 1ft Table in No. 3, is, that the diRance be- 
tween the two itars will be diminifhed, and the angle of pofi- 
lion increafed. But thefe are both contrary to the obferva- 
tions I have given. The motion of O in declination towards 
s, according to the fame Table, will (till diminiih the diftance 
of the two ftars, but will alfo diminifh the angle of pofition. 

Then, fince a motion in right afeenfion incieafes the angle, 
while that in declination diminiflies it, the final! ftar may be 
placed at fuch a diflance that the difference in the parallax, 
arifing from the folar motion, fliall bring the angle of pofition, 
in 23I years, from 32® 47' to 10° 53' ; which will explain the 
obferved change of that angle. The diRance of the Rar r, 
for this purpofe, muR be above 2J times as much as that of 
fiom us. But, after having in this manner accounted for 
the alteration of the angle of pofition, we are, in the next 
place, to examine the cffedl which fuch a difference of parallax 
muR produce in the apparent diftance of the two ftars from 
each other. By a graphical method, which is quite fufficient 
for our purpofe, it appears, that the union of the two motions 
in right afeenfion anti declination, muft have brought the 
two ftars fo near, as to be only about half diameter of the • 

large ftar from each other; or, to exprefs the fame ni rnea- 
fures, the centers of‘ tlie ftars muft now be l",H nearer than 
they were 23f years ago. But this my obfervations cannot 
allow ; for we have already fhovvn, that any change of more 
than 3 or 4-tenths of a ferond muft have been perceived. 

If, on the other hand, we place the ftar.r at fuch a diftance 
that the folar parallax may only bring it about 4-lenths of a 
fecoiic! nearer to a, which is a quantity we may fuppofe to , 
have elbaped our notice in eftimating the apparent diftance of 
the two ftars, then wdll the angle of pofition be above 20 
degrees too large. This Riows, that no diftance, beyond Caflor^ • 
at which w'e can place the ftar, will explain the given obfciva- 
tions. 

fe/ 
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( c) The laft remaining trial we have to examine, is to fup- 
pofertobe nearer than the angle P a O, will then be lefs 
than 90 degrees ; and the cffedt oF a motion of O towards^, 
by the 2d Table in No. 3, will be an increafe of the dillance 
of the two ftars, and a diminution of their angle of pofition. 
But the motion which is alfo to be conlidered* will add to 
the increafe of the diHancc and counteradl the diminution of 
the angle. It is therefore to be examined, whether fuch an 
increafe of didance as we can allow to have efcaped obferva- 
tion, will explain the change which we know to have hap-r 
pened in the angle, during the lall 23 1 year. By the fame 
method of compounding the two motions as before, it imme- 
diately appears, than we cannot place the fmall liar more than 
about 1-tenth of thediftance Oo^on the fide of Cador, with- 
out occafioning fuch an increafe of the apparent didance of 
tii^ two dais as cannot potlibly be admitted; and that, even 
then, the angle of podtion, in dead of being lefs, will be a 
iew degrees larger, at the end of 23f years, than it was at 
the beginning. This hypotheds, therefore, like all the fore- 
going ones, mud alfo be given up, as inconfidcnt with my 
obfervotions. 

It is moreover evident, (hat the obfervations of adronomers 
on the proper motion of the dars in general, will not permit 
us to afluine the folar motion at pleafure, merely for the fake of 
Accounling for the changes which have happened in the ap- 
pearances of a double dar. The proper motion of Cador, 
therefore, cannot be intircly aferibed to a contrary motion of 
the fun. For we can adiga no reafon why the proper motion 
of this dar alon#, in preference, for indance, to that of Arc- 
turns, of Sirius, and of many others, diould be fuppofed to 
arife from a motion of the folar fydern. Now, if they are all 
equally intitled to partake of this motion, we can only admit 
it in fuch a direction, and of fuch a velocity, as w ill latisfy 
mean diredlion and velocity of the general proper motions of 
the dars ; and place all deviations to the account of a real 
proper motion in each dar feparately. 

Double Motion^ 

(f) In order to explain the plienomena of our doable dar, 
according to No. 4, by the motion of tw^o bodies, i'orindanc^ 
ft and X, it will be required that they both Qiould move in given 

4 diredtions ; 
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<iire5tions; that the velocities oF their motions fliould be in a Obfervatiant 
jriven ratio to each other ; and that this ratio fliould be qom- 
pounded with the ratio of their diflances from O ; a fiippofi- changes of reU« 
tion which miift certainly be highly improbable. To fliew this fituatioa ia 

with fufficient evidence, let us admit that, according to the (;ach other# 

bell s^uthorities, the annual proper motion of Caftor is — 0^', 1 05 
ill right afeenflon, and in declination towards the 

north. Then, as the fmall ftar, without changing its diflance, 
has moved through an angle of 21 54', the only difference in 
the two motions of thefe flars, will be exprefled by the extent 
of the chord of that angle. To produce the required effect, 
it is therefore neceffary (hat the motion of which is given, 
fliould regulate that of the fmall ftar, whofe relative place at 
the end of 23 j years is alfo given. Then, as a moves in an- 
gle of 53^ 31' north preceding, and with a velocity which, 
being expreffed by the fpace it would deferibe in 23f years, 
will be 3",51, it is required that x fliajl move in an angle of 
29^^ 25', Ilkewife north preceding, and with a velocity of 
3",02. Tiie ratio of the velocities, therefore, and the direc- 
tions of the motions, are equally given. But this will not bu 
fuflicient for the purpofe : their diflance from O muft alfo be 
taken into confideratiun. It has been fliovvn, that the two 
flars cannot be at an equal diflance from us, williout an evi- 
dent connexion ; it will therefore be iiecelfary fur thofe who 
will not allow this coniiedlion, to place one of them nearer to 
•us than the other. But, as the motions which have been af- 
fumed, when feen from different diflances, will fublend linea 
whofe apparent magnitudes will be in the inverfe ratio of the 
affumed diflances, it is evident that this ratio, if the motions 
are given, mufl alfo be a given one ; or that, if the diflances 
be affumed, the ratio of the motions mufl be compounded with 
the ratio of the diflances. How then can it be expected that 
fuch precife conditions fliould be made good, by a concurrence 
of circumftances owing to mere chance ? Indeed, if we were 
inclined to pafs by the difficulties we have confldered, ther^ 
isflill a point left which cannot be fet aflde. The motion of 
the folar fyftem, although its precife diretlion and velocity 
may flill be unknown, can hardly admit of a doubt ; we have * 
therefore a third motion to add to the former two, which con* 
fequently will bring the cafe under the flatement contained in 
our 7 tit Dumber^ and will be conlidered hereafter. 

(g)lf 
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Obfervations fe) we iliould intend to change our ground, and place 
andinfeten«s the two motions in O and jr, it will then be conceded, that the 
changes of rela- of a is only an apparent one, which owes its exigence 

tivc ntuations into the real motion of the fun. By this, the effect of the folar 
wear each* Tthcr. at the fame dlftance will be given ; and it 

cannot be diflicult to affumc a motion in x, which fliall, with 
the effect of this given parallax, produce the apparent motion, 
in the direction of a chord from the firft to the laft angle of 
pofition pointed out by my obfervations; taking care, how'ever, 
not to place the ftars a and x at the fame diftance from us ; 
uting the inverfe ratio of the folar parallax as a multiple in the 
afligned motion. For inftance, let the fun have a motion of 
the velocity expreffed as before by and in a direftioii 

which makes an angle of 53'*'^ 13' foulh following with the 
parallel of a Geminorum ; and let the finall ftar x have a real 
motion in an angle of 1-0' fouth preceding from the pa^ 
rallel of its (ilualion, and with a real velocity which, were it 
at the diftance of a, would carry it through 8",89. Then, if 
the diftance of the fmali ftar be lo that of the large one as 3 
to 2, the effe6l of the folar parallax upon it will be ^ of its 
effefl upon a ; that is, while a, which is at reft, appears to 
move over a fpace of in an angle of 53^ 31' north pre- 

ceding, the parallactic change of place in x will be 2",34‘ in 
the fame direction. This, though only an apparent motion, 
will be compounded with the real motion we have aftigned to 
it, but which, at the diftance of o&, will only appear as l",26 ; 
and the joint effetSt of both will bring the ftar from the place 
in which it was feen 23} years ago, lo that where now we 
, find it (ituated. a, in the fame time, will appear to have had 

an annual projjer motion of — 0",105 in right afeenfion, and 
0",12 in declination towards the north ; and thus all pheno- 
mena will be explained. 

From this ftatement, we may draw a confequence of con- 
ftderable importance. If we fucceed, in this manner, in 
accounting for the changes obferved in the relative fitualion of 
the tw'o ftars of a double ftar, we (ball fail in proving them to 
form a binary fyftem ; but, in lieu of it, we fhall gain two 
other points, of equal value to aftronomers. For, as cc Ge- 
minorum, according to the foregoing bypothefts, is a ftar that 
has no real motion, its apparent motion will give us the velo- 
city and diredb'on of the motion of the folar fyftem ; and, this 

being 
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■ being obtaii^ed, we (hall alfo have the relative parallax ofobrervatians 
every liar, not having a proper motion, which is affeded 
the folar motion. Aftronomical obfervations on the proper ^bXigei of reli- 
motion of many different ftars, however, will not allow us 
account for the motion of • Geminorum in the manner which each other, 
the foregoing indance requires ; the hypothecs, therefore, of 
its being at red, mud be rejeded. 

(h) If we place our two motions in O and we fliall be 
led to the fame conclufion as in the lad hypothefis. The known 
proper motion of a, and the fftuations of the fmall dar in 
1779 and 1803f given by my obfervations, will afcertain the 
apparent motion of x, no%v fuppofed to be at red. Then, 
fince the change in the place of x mud be intirely owing to the 
effefl of parallax, it will confequently give us, in the fame 
manner as before, the quantity and direction of the motion 
of the folar fydem, and the relative didances of all fuch dars 
as are atfe£led by it. But, here again, the folar motion re- 
quired for the purpofe is (uch as cannot be admitted and the 
hypothcHs is not maintainable. 

Motion of the three Bodies, 

(i) There is now but one cafe more to condder, which is, 
according to No. 5, to adign real motions to all our three 
bodies ; and this may be done as follows. Suppofe the fun to 
move towards X Herculis, with the annual velocity 1. 

Let the apparent motion of a Geminorum be as it is dated 
in the adronomical tables before mentioned; but fuppofe it to 
arife from a compofftion of its real motion with the ede6l of the 
fydematical parallax, as we may call that apparent change of 
place of dars which is owing to the motion of the folar fydem. * 

Let the real motion of r, aided by the ede£t of the fame pa- 
rallax, be the caule of Uie changes in the angle of podtion 
which my obfervations have given. We may admit the larged 
of the two dars of our double dar to be of the fecond magni- 
tude ; and, as we are not to place x too near we may fup- 
pofe its didance from O to be to that of » from the fame as 3 to 2. 

In this cafe, O will move from the parallel of in an angle 
of 60^ 37^ north following, with an apparent annual velocity , 
of ,453d. The motion of » in right afeendon, may be intirely 
aferibed to folar parallax ; but its change of declination, can- 
not be accounted for in the fame manner. Let us thereibre 
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admit that the folar velocity, in the direction we have calou- 
lated, will produce an apparent retrogate motion in a, which, 
, in 231 will amount to 2f\OS5 in right afeenfi on. But the 
' fame parallax will alfo occafion a change in declination, to- 
^ wards the fouth preceding, o^3'^701 ; and, as this will not 
agree witli the obferved motion of a, we mufl: account for 
it by a proper motion of this ftar direftly towards the 
north. The real annual velocity required for this purpofe, 
mutl bel 

The apparent motion of x, by parallax, atthediftance we 
have placed t!i^ ilar, will be 2^',H32 towards the fouth pre- 
ceding ; and, by alTigning to it an annual proper motion of the 
velocity in the dire<51ion of 73^ 10' north preceding 

its own pnrali<"l, thceflecl of the folar parallax and tins proper 
motion togetlier, wdll have cauled the fmall flar, in appear- 
ance, to revolve round a, fo as to have produced all the 
changes in tlie angle of pofition w'hich my obfervations have 
given ; and, at the fame time, « will have been feen to move 
fiom its former place, at the annua! rate of (/',105 in riglii:-^ 
•afccnfion, and 0'',12 in declination towards the north. 

In this manner, we may certainly account for the phenomena 
ot the changes w'hich have taken place with the two ftars of » 
fTeminorum. But the complicated requifites of the motions 
which have been expofed to our view, muft furely compel 
every on<i who conftders them to acknowde<lge, that fuch a 
cnjnbinalion of circumftances involves the higheft degree of 
impiohabilily m the accompMliment of its conditions. On the 
ulhor hand, when a moft fimple and lalisfiidory explanation of 
tlio fame phenomena may be had by the effects of mutual at* 
traction, whicli will fupport the moving bodies in a permanent 
r)ltem ofievolution round a common centre of gravity, while 
at the lame time they follow the direflion of a proper motion 
nhich this centre may have in fpace, it will hardly be poflible 
to enterlain a doubt to which hypothefis we ought to give the 
pud'erence. 

As 1 have now allowed, and even fliown, the pofftbility (hat 
the phenomena of the double ftar Caftor may be explained by 
proper motions, it will appear that, notwitiiftanding my fore- 
going arguments in favour of binary fyftems, it was necelTary, 
U 11 a lormcr ot*cafion, to «xpreii myfelf in a conditional man«* 
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«er,* wheti, after having annoi^nced the contents of this Paper. 
I added, *\f}iould thefi ohfirvaHons be found fvfficiently conclu^ 
fire for, if there (hould be aftronomers who would rather 
explain the phenomena of a fmail flar appearing to revolve 
round Cuftor by the hypothefis we have lad examined, thejr 
^ay certainly claim the right of aflenting to what appears to 
them moft probable. 

(To he continued,) 


XII. 


On the Nature of tfie Varieties of En^rcfted FruiuTrees^ with a 
Plan for increafin^ the Number of New valuable Fruits^ By 
T. S. Dyot Bxjcknall, Efq, M, Pf. 

To Mr. CHARLES TAYLOR, 


3oM£ friends have requelled that 1 would introduce another Introduftloa. 
Paper on the Nature of the valuable Varieties of engrafted 
pruits, as they are of opinion that the EiTay in the 17th Vo- 
lume of the Tranfadions of the Society is not fufliciently ex- 
tended for a fubjed fo important to the Fruit-growers, and 
thofe intereded in the produdions of Fruits. As a proof of 
niy willingnefs to make the Orchardifl as perfed as 1 can, I 
beg you to prefent my compliments to the Society, with the 
following elucidations. 

This is a fubjed in rural oeconomy which ought to be much importince, 
better underdood than it is, in order to enable the planters to 
judge of the forts proper to be planted, either as an article of 
pleafure, profit, or recreation ; as much of the credit of the 
plantation mud arife from judicioudy choofing Trees of the 
bed, new, or middled-aged forts, and not of the old worn- 
out varieties, which latter cannot, in the planting of Orchards 
in common fituations, ever form valuable Trees, and mu/lend 
in the difappoiutment of the planter. 

Engrafted Fruits, lhave before laid, and I now repeat, are Crafted frdts ar« 
not permanent. Every one of the leadreiledion mud fee that *1®* permanent. 


* See Phil. Trans, for 1802, page 48$. 

4* Society of Arts, xx. 144. 

9 ? there 
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there is an eflential difference between the power and energy 
of a feedimg plant, and the tree which is to be raifed from 
cuttings or elongations. The feedling is endued with the ener* 
gies of nature, while the graft, or fcion, is nothing more than 
a regular elongation, carried perhaps through the feveral re- 
peatings of the fame variety ; whereas the feed, from having 
been placed in the earth, germinates and becomes a new plant, 
wherever nature permits like to produce like in vegetation ; 
as in the oak, beech, and other mad:- bearing trees. Thcfe 
latter trees, from each paiiing through the (late of fcedlings, 
are perfeftly continued, and endued with the fundlions of 
forming perfeft feeds for railing other plants by evolution, to 
the continuance of the like fpecies. 

The varieties This is not the cafe with engrafted fruits. They are doomed 
•ontinued by ijy nature to continue for a time, and then gradually decline, 
fjr a'liniL ^ ^'^1 at la ft the variety is totally loft, and foon forgotten, unlels 
recorded by tradition, or in old publications. 

Reafon, wdth which Providence has moft bountifully bleffed 
fome of our fpecies, has enabled us, when we hnd a fuperior 
variety, to engraft it on a wilding ftock, or to raife plants 
from layers and cuttings, or even to raife up the roots, and 
thus to multiply our fources of comfort and pleafure. This, 
hdWever, does not imply that the multiplication of the fame 
variety, for it is no more, ftiould laft for ever, unlefs the fpe- 
cies will naturally arife from feed. 

Frocefsofraifing Nature, in her teaching, fpeaks in very intelligible lan- 
crelfing them by which language is conveyed by experience and obfer- 

grafting. vation. Thus we fee that among promifeuous feeds of fruits 
of the fame fort, one or more may arife, whofe fruits (liall be 
found to poffefs a value far fuperior to the reft in many diftin- 
guiftiable properties. From experience, alfo, we have ob- 
tained the power, by engrafting, of increafing the number of 
this newly-acquired tree, can change its country, give it to a 
friend, fend it beyond the feas, or fill a kingdom with that 
fruit, if the natives are difpofed fo to do. Thus we feem to 
have a kind of creative power in our own hands. 

From the attention lately paid to the culture of engrafted 
* Fruits, I hope we are now enabled to continue a fuppofed 
happily acquired tree, when we can find it, for a much longer 
duration than if fuch variety had been left in the ftate of un- 
alfifted nature ; perhaps I may % for a duration as long again. 

or 
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or fomethlng more. After thefe fanguine expeAations, I ma^r 
reafonably be aiked, to what docs all this amount ? for here 
there is no direft permanency — and why ? The why is very 
obvious — becaufe the kernels within the fruit, which are the 
feed of the plants for forming the next generation of trees, 
will not produce their like. I allow they may do fo acci« 
dentally ; but nothing more can be depended on. 

For example, fuppofe we take ten kernels or pips of any 
apple raifed on an engrafted flock : fow them, and they will 
produce ten difterent varieties, no two of which will be alike ; 
nor will either of them clofely refemble the fruit from whence 
the feeds were collected. The leaves alfo of thofe trees raifed 
from the fame primogenious or parent flock, will not actually 
be a copy of the leaves of any one of the varieties or family, 
to which each is connefled by a vegetable confanguinily. 1 
intentionally ufed the word actually, becaufe a refemblance 
may be found, though not much of that is to be expelled. 

1 beg that what has been laft mentioned may not be taken 
as a difeouragement to attempts for railing new varieties. 1 
was obliged to fpeak very ftrongty, in order to place the cul- 
ture upon its true foundation. 1 think it need not be obferved, 
that there is no acquiring a new variety, but through the means 
of a feedling plant ; and therefore whoever wiflies to fucceed 
muft attempt it that way, or wait till others in their planta- 
tions may more fortunately produce it. 

In choofing the feeds, that apple is mod likely to produce 
the cleareft and hneil plants, whofe kernels are firm, large, 
and well ripened. I'he lize of the fruit is not to be regarded ; 
for large apples do not always ripen their fruit well, or rather 
for cider the fmall fruits are generally preferred for making the 
flrongeft,' higheft-flavoured liquor. And from what 1 have 
been able to colledl in the cider-countries, it is there the opi- 
nion, that an apple fomethlng above the improved crab pro- 
mifes the bed fuccefs. This advantage alfo attends the prac- 
tice : if there are no valuable apples raifed from that attempt, 
thefe wildings will make excellent docks to engraft upon. 

Gentlemen who actually employ themfelves in attempting 
to acquire new varieties, ihould remember that they ought to 
feled all the fets, from the bed of apple-quick, whofe appear, 
•ance is in the lead degree promifing, and plant them together,, 
at ftich a dUlance as to allow each to produce its fruit, which 

will 
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happen in about twelve, fifteen, or eighteen yertrs. Mf 
triend Mr. Knight, who undoubtedly is tlie firft in actual 
*J»ertions for procuring thefe happily acquire^ new varieties# 
has had two plants bear fruit at fix years old, and one at five^ 
The cider-countries have offered feVeral premiums for pro-* 
curing new varieties, and fome with good effedt. Premtuma 
have been given both to Mr. Knight and Mr. Alban. 

When the new variety is to be raifed from a valuable ad^ 
tttircd apple, 1 fhould recommend the placing thefe (beds in 
a garden-pot, filled with mould from an old melon-bed % 
carrying the pot into a retired fiiiialion near the water, and 
giving attention to run the plants to as large a lize us is con- 
venient within eighteen' months. With this view, the pot 
fliould be placed in the green-houfe the firft winter ; and 
when the plants are afterwards to be' fet out in the fpots, 
they fliould npt be placed under the drip of trees, or much 
cxpofed to the winds. 

Two inftances have been mentioned, the improved crab, 
and mod admired apple; but prudence fays, try all forts, 
and fomething probably will arife ; and the procefs is attended 
with little trouble or expence to a perfon who conlfantly re- 
fides in the country : yet, after all this fcientific care, th^ 
apple may want flavour, and be in other refpedls nothing 
belter than a common wilding. 

It is an undoubted fa£t, and worthy of obfervation, that 
all the different trees of the lame variety have a wonderful 
tendency to fimilarity of appearance among themfelves ; and 
that the parent flock, and all engrailed from it, have a far 
, greater relbmblance to each other, that can be found in any 

part of the animal creation ; and this habit does not vary to 
any extent of age, 

refpcAlng encouragement in attempting to increafe the number 

engrafted fniits, of ncw valuable fruits, we can prove that the golden pippin 
*ermancnw°Ic. ** native Eiiglifli. The red-flreak, a feedling of Hereford- 
fliire, if not raifed, yet was firfl brought into notice by Lord 
Soudatnore, and was for a long time called Scudamore’s 
Crab. The Stire Apple was accidentally raifed in the Forefl 
of Dean, in Glouceflerfliire# and took tlie name of Foreft Stm» 
The cider made from this apple was the flrongefl the country 
^ever produced, according to any living record. The Haglo* 
crab, the beft cider fruit now remaining, was diicovered 
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in ih^ parifii of Ecloe, on llie banks of liie Severn ; and, about Fafts refpc^ini 
or feventv years ago, many fcions were taken from this [^h57dcgree*^oIf** 
tree by Mr. Bellamy, and engrafted on feedling flocks about pcnn*iic«cei Stzi 
Kofs. Thcfe are now grown old; and, to afceitain the agq 
of the variety, 1 went with Charles Edwin, Elq. to Ecloes, 
in hopes of feeing the primogenious of this family. ']'ho 
proprietor of the eflate acquainted Mr. Edwin that it had 
ceafed to bear years ago, and was cut down. Thofe at Rofs 
are but poor bearers now, and 1 fliould fuppofe I he variety 
mull be 14<<» years old, though Marftiall, wlio wrote in the 
year 1786, mentions thefe trees were prolific, and he fuppofes 
the fort to be about eighty years old; But, from prefent ex* 
perience, it mufl be much more. The Tinton Squafli-pear 
IS of Gloucefterniire; the Barland and Old-field were near 
Ledbury, Heiefordfliire. The two laft pears clearly bear the 
names of the two fields where they were raifed. The Bar- 
land fell about fix years ago, vifibly from weight and longe- 
vity, which was fuppoled to have been about 200 years. 

There had been many other names of eilimation handed down 
<0 us, though the realities are now totally worn out, and have 
ceuied to exifi. Can any better proof be defired, that en. 
grafted fruits are not permanent, then the regret we feel for 
the lofs of thefe old valuable fruits. 

To make my paper as fliort as convenient, I have dwelt 
only on the apple and pear ; yet all the engrailed fruits are 
under the fame predicament of the feed not producing its like, 
and the offspring in time falling into a nothingnefs of growth 
and bearing, though that fpace of lime mutl certainly depend 
on the natural longevity and hardnefs of the fort, foil, pofition, ^ 

care, &c. All thefe are more fully expreffed in the papers 
];ubliflied'in tlie ditfereiit volumes of the Tranfa^lions of this 
Society, and the two volumes of the Orchardifl, wherein the 
whole fyilem is extended, to form a rational culture lor the 
management of Standard Fruits. 

It (Ixbuld be rememberedi that as 1 am now alluding to the 
llate of adiual permanency, fifty years are to be accounted as 
nothing; and as often as we come to that point, we are com- 
pelled to refort to our fird aifertion, ** That engrafted fruits ' 
are not permanent, they being continued from elongations, 
and not railed as a repetition of feeds.'^ This is the only 
. rational 
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Fads ref^aing rational way as yet introduced of accounting for the lofs of 
their degree Qt valuable old varieties of fruits. Should a better fyltem be 
pormaiKncei &c. introduced^ I (hall readily adopt it; but this fufliciently anfwers 
the purpofes of the planter. 

Some years ago, from due inveAigation and thorough con- 
vidion, I propagated this principle ; and it was publKhed in 
the 17th volume of the Society’s Tranfadions^ in the follow- 
ing words: All the grafts taken from this firA tree, or parent 
flock, or any of the defcendanls, will for fome generations 
thrive ; but when this firA Aock fliall, by mere dint of old- 
age, fall into a£tua) decay, a nihility of vegetation — the 
defcendants, however young, or in whatever Atiiation they 
maybe, will gradually decline; and, from that time, it would 
be imprudent, in point of profit, to attempt propagating that 
variety from any of them. This is the dogma which muA be 
received. I do not exped a dired aAent, neither do I wifli 
it, for it Aiould be taken with much referve ; but it is un- 
doubtedly true.” Thefe conAderations (hould Aimulate us 
in fearching after new varieties, equal, or perhaps fuperior 
to thofe of which we regret the lofs. 

Obferve that, from Che time the kernel germinates for 
apple-quick, Aiould the plant be difpofed to form a valuable 
^ variety, there will appear a regular progreAive change, or 
improvement, in the organization of the leaves, until that 
variety has Aood, and grown fuAicient to bloffom and come 
into full bearing ; that is, from the Aate of infancy to matu- 
rity ; and it is this and other circumAances, by wliich the in- 
quiOtive eye is enabled to form the feledion among thofe ap- 
^ pearing likely to become valuable fruits. But from that time 

the new variety, or feleded plant, compared with all the en- 
graftments which may be taken from it, or any of them, thefe 
Aiall Aiew a moA undeviating famenefs among themfelves. 

It is readily allowed, that the diAerent varieties of fruits 
are eaAIy diAinguiAied from each other by many particulars, 
not only refpeding their general fertility, and the (brm, Aze, 
(hape, and Aavour of the fruit, but alio the manner of the 
growth of the tree, the thicknefs and proportion of the twigs, 
their Aiooting from their parent Aem, the form, colour, and 
conAlience of the leaf, and many other circumAances, by 
which the variety can be identiAed ; and were it poffifa(|e to 

engraft 
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engraft each variety upon the fame fiock^ they would ftill itTpsaiiiii 
retain their difcriminating qualities, with the moil undeviatmg 
certainty. ptmuMiicfyllra* 

The proper concluiion to be drawn from the (latement in 
the lad paragraph, is this— that were any one to put the 
thought in practice on a full-grown hardy or crab dock, it 
would produce an excellent proof that engrafted fruits are not 
permanent. For if twenty diderent varieties were placed to- 
gether, fo that each might receive its nurture from the fame 
dem, they would gradually die off in adual fucceilion, ac- 
cording to the age or date of health of the refpeflive variety, 
at (he time the fcions were placed in the dock ; and a difcri- 
minating eye, ufed to this bufinefs, would nearly be able to 
foretell the order in which each fcion would adlually decline. 

Should it alfo happen that tw’o or three fuckers from the wild- 
ing dock had been permitted to grow among the tzventy graft, 9, 
fiich fuckers or wilding (hoots will continue, and make a tree 
after all the red are gone. A further confequence would re- 
fiilt from the experiment : among fuch a number of varieties, 
each of the free growers w'ould darve the delicate, and drive 
them out of exidence only fo much the fooner. It mud be 
obferved, that this fuppofed dem is the foder-parent to the 
twenty fcions, and real parent to the fuckers ; and thofe the 
lead converfant with engrafted fruits know the advantage ac- 
quired from this circumdance. And here if. is w'orlh while 
remarking, that a Gafeoyne, or w'ild cherry, will grow to 
twice the fize that ever an engrafted cherry did. 

By an experiment we have had in hand for five years, it 
will appear that (he roots and dem of a large tree, after the , 

drd fet of fcions are exhauded or worn*out, may carry another 
fet for thany years ; and we fufpedl a third fet, provided the 
engrafting is properly done, and the engrafter choofes a new 
variety. Now the Ripdon pippin, of Yorkfliire, is the fa- 
vourite, as being a free grower and good bearer, with fine 
fruit. This however may be certainly depended on, that 
when 0 new apple is raifed from feed, if a fcion were placed 
in a retired fituation, and condanlly cut down, as a dool in a 
copfe-wood, and the apple never differed to fulfil the intentions * 
of nature in bearing fruit, the praditioners of the following 
ages may fecure fcions from that dool, to continue the variety 
much longer. Hence* though 1 have written as much as is in 

my 
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power againft permanency, yet I have taken fome pdin* 
their dearie of ** aflure the pJant^', that tbrecaA, feleftioi^, pruning, cleaii- 

j^oMineiiccy&c.iinen}, and care, will make the orchards turn to more profit 
tor the riling generationsi than what they have done for the 
laii hundred years. 

To place the nature of varieties in its true light, for the 
information of the public, 1 mull maintaini that the dllTercnt 
varieties of the apple will, after a certain time, decline, and 
<a^ually die awav^ and each variety , or all of the fame ftein 
or family, v^i]l lofe their exigence in vegetation; and yet it 
is a known fadl, and mentioned in the 17 th volume of the 
Tranfaftions, that after the debility of age has aflually taken 
poflTeriion of any variety, it will yet thrive by being placed 
againfl a foulhcrn wall, and treated as wall-fruit. Who, 
however, can afford to raife cider at that expenfe, except as 
matter of curiofity, to prove, that when the vital principle in 
vegetal ion is nearly exhaiided, a fuperior care and warmth 
will full keep the variety in exiftence fome time longer? 

It lliould be underAood, that the external air of Britain is 
rather too cold for the delicate fruits, which is the reafon 
why, in the OrchardiA, I lay fuch a Arefs on procuring 
warmth for the trees, by draining, Jhdter, and manure. It 
would be now loA time to attempt to recover tiie old varieties 
as an article of profit. 

If I have not expreffed myfelf, in this Effay on the Nature 
of Varieties, with fo much clearnefs and ronviclion as might 
have been expected, it Aiould he confidcred that it is an 
abArufe fubjedl, very little undcrAoody and requiring at hrA 
fome degree of faith, objhrvatian, and perfeve ranee, T'iie 
prejudices of mankind revolt again A it. They are not dif- 
pofed to allow the diAin^ion of nature; and they imagine, 
that in the aft of engrafting or multiplying they give new life, 
whereas it is only continuing the exiAence of the fame tree, 
flick, or bud, Obferve what 1 faid before : — the feed of the 
apple, when placed in the eartli, germinates, and unfolds 
itfelf into a new plants which fucceflively paffes through tire 
flages of infancy, maturity, and decay, like its predeceflbrs. 
I might fay, all created nature is Amilar in this refpeft ; 
though, from the circumflance that varieties are much longer- 
flved than man, the plants have appeared to be poAefled of 

eternal 
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eternal powers of duration : noihing fublunary, boweyaTt Fafts rcfpeainf 
which poHenes either animad or vegetable life, is exempt from 
age and death. permaiwncct 

Within the laft twenty years 1 have travelled many hundred 
miles, and converfed with the mod intelligent men in eacl\ 
country; and I now' want to convince mankind, for no other 
reafon than becaute it is their intered fo to believe^ that there 
is in creation an order of beings (engrafted fruits) fo formedy 
that we have the power of multiplying a tingle variety, to 
whatever number of trees we pleafe --that the fird fet arifes 
from a fmall feed ;--‘that the next and defeendent fets are 
propagated by engraftings, or from cuttings, layers, &c. 
and that although thele trees may amount to millions, yet, 
on the death of the primogenious or parent dock, merely from 
<>ld-age, or nihility of growth, each individual diall decline, 
in whatever country they may be, or however endued with 
youth and health. 1 fay they (hall gradually begin to decline; 
and in the courle o( time, or of centuries, to thofe who would 
prefer that cx predion, the xvltole xaiietj/ will fcarcely have a 
dngle tree remaining to (how what the fruit w'as. Let thofe 
who are not difpofed to adent to this datement, afk them- 
felves what is become of the old lod varieties ? did they die, 
or did wicked men inalicioudy cut them up ? 

I, who am firmly convinced of the truth of what I have 
advanced on this fubje^t, have no doubt but that the fame 
would happen by engrafting on the Oak or Beech, if the 
mad raifed from the engrafted tree did not produce the like ; 
for there the quedion turns. 

Is it not known, that the woodman, in felting out his 
fapling oaks, always feleds new feedling plants, and never 
continues one upon an old dool ; and that if he (hould fo 
blunder, that tree, from the dool, will neither have the free- 
dom of growth, nor the fize or firmnefs of timber, equal to a 
new'.raifed plant. 

I wifli I could perfuade my friends, that, with the fame 
attention with which the woodman a^s, the planter is to raife 
his orchard from the young fruits which thrive in the neigh* 
bourliood, or are in health and full bearing in the country 
whence (hey are to be brought. 

The fruit-grower fiiould look to fele6lion, cleanilinefsi and 
care. To roc it is a circumdance perfedly indifferent, whe- 
ther 
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Taas f^fpedinx ther he is to ufe Mr. Fcvf^th's compofitkm, Mr. Bulingbam's 
thd^A^ boiled linfeed oil, or my medication. I only maintain that the 

permuJa^, wounded parts of trees want fomething to deilroy the inre6ts 

See. and vermin, and heal the wood, from which the trees are kept 

in health. 

Let thofe who are blefled with froit^plantations attend to 
their prefervalion, and not leave them to the date of unailifted 
nature. 

I am, Sir, 

Your moft obedient Servant, 

Tho. Skip Dyot Bucknall. 

I/ampton-Cour£, 

12/A Oa. 1801. 



Explanation qf the SuhjeSts concerning which ^uejlions were pro^ 
pofid at Page 71 qf the prefent Volume; namelist 1 . The Place 
qf the EreSt Image behind a Concave Speculum ; 2. Of the 
Image formed by a Concavo Convex Mirror^ which is not 
handed, and has the Property of revolving along with the Mir* 
ror ; and 3. The Figure qf the Sky, By W, N. 


Anfwen to cer- /\S the queflions of my correfpondent R. B. have not been 
taifl queftiofM. treated by any other of my friends, I (hall Iwre difeufs them 
according to my promife. 

Zrt€t image in queftion refpefting the erefl image in the concave 

a concave mir- mirror relates to a phenomenon which formed the fubjefl of 
difeuASon in print very early in the laft century, though I 
cannot at this moment recolledl the authors who have related 
. the fa6ts and arguments. R. B. is perfectly correct as to the 
various divergence of the rays compofing the pencils which 
ilTue from radiant points at different diftances from the eye, but 


it does not appear that our notions of diilance are greatly re- 

Oar judgment of gulated by that circum fiance. Our judgment of the diflances 

diftance is not near objeds is partly founded on the adjuflment required to 
founded on the - . . i • r te ^ ^ . . 

nature of the . made in the eye itlelt to produce diftinct viuon by the rays 
pencils of light j of the feveral pencils, as R. B. remarks, but much more on 


a circumflance commonly noticed by authors, but by him over- 
looked, namely, the degree of convergence between the op* 
tical aKes of the two eyes which is required to avoid fquintihg. 


or 
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Or the phenomenon oF two images. In proof of this, if he wiH 
take two pens or pencils or other pointed obje6t% and, (hutting 
one eye, endeavour to apply their points end^wifo to each other but oa the 
by moving them acrofs the line of (^ht, he will find how 
much lefs precifely one eye can give a judgment on difiaiices, perfpe^ive. 
than both eyes. ' And our judgment of difiant objects is ella- 
blifiied not at all upon the nature of the pencils, but on the 
perfpedtive arrangement or angular magnitude of the objedls 
together with their gradual obfeuration (from the interpofed 
mafs of air) called aerial perfpedtive. Hence we find that the 
feveral parts of a well drawn (ketch of mere lines, and (liil 
more of an excellent painting, give all the notions of diilancei 
tliough there cannot be any difference in the divergence of the 
pencils of light to correfpond with that effect. The confeiouf- 
nefs that a body is approaching or retiring arifes little if at all 
from any change in the pencils ; in near objects that notion is 
rather gained from the required change in the optical axes, 
and in (hefe and all difiant objects it is almolt entirely produced 
by the angular magnitude becoming larger or fmaller, while 
we contemplate the appearances. 

Thefe truths will explain the image in the concave mirror : The Image tn 
For 1. When the face is near the mirror, the image is feen by J «>««ve mirror 
a great convergence of the optical axes, which becomes lefs and advanco 
and lefs as the obferver retires, at the fame time that the image 
itfelf fubtends a lefs and lefs angle: — It therefore, for both 
reafons, appears to retire. 2. At a greater diftance the image 
feems llationary while the obferver retires, becaufe the angular 
enlargement of the image is nearly compenlated by its dimi- 
sution from increafed diftance; and 3. At a ftill greater dif- 
tance the angular enlargement increafes fo fail that the image 
feems rapidly to come forward until it is loft in confufion.-— 

If both eyes be kept open, the obferver has a confiderably 
accurate notion of the real diftance of the frame, which, to- 
gether with the confufion of two different images prefented lf» 
the eyes, may lead him to have the fentiment of a mere angu- 
lar enlargement; but if one eye be covered, the notions of re- 
trea^t, ftationary potition, and rapid advance of the image will 
infallibly be adopted. 

2. With regard to the concavo-convex mirror, none of the 
pencils of light are brought truly to a focus. IF we conceive , 
the furface of the mirror to be divided into zones by lines 
* 4 drawn 
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Explanation of drawn perpenidicularly acrofs the fhorteft arc of convexity thni 
theeffeAsofa paffes through the vertex ; and thefe lines to be indefinheiy 
mirror* near each other;— or to fpeak lefs mathematically, if the mir- 

ror were divided into ^all parallel (Iripes, drawn right acrof^ 
its concavity;— each or thofe final! zones or ftripes will reflect, 
the light of any didant object to a focus before the mirror with- 
out any fenfible error; whence it will diverge in a kind of Hat 
pencil; and thefe pencils themfelves will not be parallel to each 
other, but will diverge from a point behind the mirror or vir- 
tual focus; fo that this lad divergence of the pencils will be at 
right angles to the divergence of the rays that compofe them. 
If therefore we attend to the portion of light which enters the 
eye from w^at may be taken to be a radiant point of the image, 
in this cafe, we (hall perceive that they cannot be brought tea 
correct focus on the retina. For if the eye be adjuded to the 
place of convergence before the mirror, the focal fpot will be 
elongated in the diredlion of the arc of convexity; and on the 
contrary, if the eye be adjuded to the virtual focus of the con- 
vex, or point of divergence, the rays of the pencils will not 
be duly colledled, but will render the fpot on the retina oblong 
in the direction of the arc of concavity. Neverthelefs, if the 
didance of the eye be fo great, as that the difference of ad- 
judmentfor thefe two points fliall not produce any fenfible ef- 
fect of this kind, the whole image will appear fiifficienlly neat 
and didin^l, though a little deformed; that is to fay, thofe di. 
menfions which are governed by the concavity, will be fome* 
what greater than thofe governed by the convexity ; becaufo 
as we may affirm, the concave mirror is nearer the eye than 
^ the convex. From this general explanation, it will be eafily 

underdood that the image mud difappear and become utterly 
confufed by the quantity of crofs aberation, when ahy attempt 
is made to examine it with a convex lens; and that it will be 
impoffible to form an image of the fun or of any other object 
upon the furface of paper or other limilar material. In faft 
the rcfledled light from the fun confidered as a luminous pointy 
will converge before the mirror to a line or caudic curve of 
which I have not yet confidered the properties ; but which, if 
the concave mirror were cylindrical, would be a right line at 
the didance of half the radius from the vertex. 

It is not neceifary after what has been faid to enter iptoany 
fuller explanation of the reafon why the image is inverted, 
(that is Ip fay either right handed or upfide-dpwn) w ith regard 

to 
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to the relative pofition of Us parts confidered acrofs the con* 
cavity, and the contrary along the lines of convexity; — or, 
while thefe lines have their podtion altered by rotation of the 
mirror, the image ilfel^^iil alfo app^to revolve with twice 
the velocity. Thefe etfedls, as well\s that of the extreme 
dUlortion of the image, fecn when the object is within the cen« 
tre of concavity, will be eafily apprehended by the reader, 
whofe notions of optics are futhcient to enable him to under- 
hand the preceding paragraph. 

3 . The enlarged appearance of the fun and moon at low Why the iky 
altitudes or near the horizon, and the apparent flatnefs of the and**l*e^fun and 
concavity of the iky have been explained, as my correfpondent moon large in 
obferves, by reference to the diinintihed light of the heavenly honson. 
bodies, when it patfes through a long portion of the atmof- 
phere, and likewdfe to the notions of diftance which are ob* 
tainedby looking over a long row of terreftrial objects. That 
is to fay the explanation is grounded on the fuppofition or no- 
tion of greater dihance along the horizontal line deduced from 
coniideration of ihd aerial and the geometrical perfpe6tive. 

The obfervations and objedlions of R, B. appear to me to be 
perfedly well founded. I think the efFe6l is produced almoft 
entirely by the geometrical perfpeclive, not of thehoufes, trees, 
and other land objects, but of the clouds themfelves. When 
tl)e clouds are in low dirtin€t flakes with clear openings be- 
tween them, the angular magnitude both of the clouds and 
their intervals will be greater near the zenith, and will dimi- 
nilh as the zenith diftance encreafes, fo as on fome occafions 
to exhibit the appearance of objedts running out to an immenfo 
di fiance in the concavity of an extremely flat dome. On the 
contrary, when lofty lowering raaffes of clouds rife from the 
horizon to 4 conlulerable elevation facing the fetting fun, or 
otherwife fo circumflanced that the tint of the w^holeinafs fliall 
be very little varied, the mind, fo far from adopting the ndtion 
oP" an extended dome in that part, fliall receive the impreflion 
of an immenfely elevated wall, with very little curvature as it 
rifes. Both thefe conditions are not unfrequently to be feen at 
one and the fame time, and the fky is then, according to the 
obfervation of R, B. very far from exhibiting a figure of regular 
dimeniions. A great variety of intermediate forms and groups 

the clouds often prefen t themfelves, by which the apparent 
figure of the fky will be made to diflTer from thefe extreme 
cafes. When the fky is pcrfedlly and elofely clouded, we 

hav^ 
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have perhaps very little notion of an apparent figure unlefs 
from our former habits* or from the angular motion produced 
by the wind. This will be greated near the zenith, and by 
fliewing us that the clo^s over our heads are nearer than the 
others, will give us a eonvi6tion of the figure of a flat arch. 

Ufiful Notices rejpe^ing various ObjeSis. By a Correjpondent, 
Cotton in Ink, R. B. 

The ancient practice of putting cotton in ink is almod en- 
tirely given up. But when we confider that the colouring 
roaUer of ink is merely a precipitate, in the a6t of flow fub- 
fldencc, and that the gum as well as the Gallic acid, are fub- 
je6l to f'peedy decompofition or inouldinefs by expofure to the 
air, we fliall fee good reafons for refuming it. The black fe- 
cula is kept fufpended by the cotton ; the fluid is prevented 
from circulating by heat, cold or mechanical agitation, and 
confequently prefents a very fmall furface to the air; and laflly 
tlie method of dipping tends to keep the pen clean and in good 
condition. I can lake upon me to affert that ink in cotton is 
blacker, more durable, and much lefs liable to become mouldy. 
The latter effed may be almoft entirely prevented by occaflon- 
ally turning the cotton upfide down, that is to fay, every two 
or three days 

Shaving with Water. 

Shaving with JN fome of your early numbers the operation of (having has 
been rather amply difcufled by yourfelf and correfpondents. I 
have nothing to add in the way of reafoning to what has been 
there brought forward; but 1 lake this opportunity of noticing 
a fa£l. Long ago it was obferved to me that the foap anfwers 
no other purpofe than that of clearing Uie (kin, \'n proof of 
which it was atferted that the face fo cleaned may be (haved 
quite as well without the lather as with it. I made trial of this 
procefs, but did not find it fucceed, bccaufe I wiped the imA 
dry. But 1 have iince found that if the beard be well wafhed 
with foap, and then with clear water, the operation of fliaving 
may be very effedtuaily and pleafantly performed, while the 
water continues upon the ikin. The efle£ls are that the razor 
cuts more keenly and clofely, and the Ikin feems to be much 
lefs tender. 1 leave your other correfpondents to reafon and 
difcover the caufe of the excellence of this method ; iQ the 
mean time 1 (hall continue to ufe it, unlefs a ftill more con*- 
flderable improvement (hould be made. 
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ARTICLE 1. 

Experiment proving the Advantage of Perifcopic Spedacles. Com- 
municated in a Ijetier from W. H. Wollaston, M. D, 

F. R. S. 

To Mr. NICHOLSON. 

SIR, 

TThE opinion given by Mr. Jones, in your laft Journal, re- 
fpedling the improved form of fpedlacle-glaffes, on which I had i^mprovcd Ipcc* 
delivered my fentiments in the number preceding (p. 14-i,) in- tacle gufl'ci, 
duces me to addrefs you once more upon that fubject. 

It appears w holly unneceflary to follow Mr. J. through his referred to ex- 
various obfervations, or to remark upon the experiment by P®***”®"^* ^ 
which he deceives himfelf ; becaufe all doubt of the advantage 
of the perifcopic glafles may be removed by the following 
direct comparative trial, which any perfon who choofes can 
m^ke without dilhculty. 

I have before me twoglalTes, each of four inches " pofitivc With the form 
focus," as propofed by Mr. J, the one double-convex, which by°Mr* 

in his judgment is pronounced to be indubitably the heft and Jone&, 
moft convenient that can he devijtd " (p. ; the other a con-^ 

cavo-convex, or menifeus, which he thinks evidaitly the 
worft qf the two for ajpedacle-glafs/^ (p. 197.) 

When I fix the former at the diftance for moft diftinft vifion the extent of 
'oppofite to a printed o6tavo page, and approach my eye to the 

VoL. VII. — April, 1804. R glafs, that by i^e 
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—or rathe? as 
I to 3. 


wYs^as 2 ^ to*^o ^ cannot without pain read quite twenty-four lines; but 

upon fubftitiiting the perifcopic glafs fixed in the fame pofition • 
I can witli e.2/cdifcern every word in the page, which contains 
forty lines. 

The enlargement of the field of view obfervable in this trial 
i'i funieient to evince the fuperior utility of the perifcopic glafs ; 
but were there occafion to compare more nearly the circular 
areas that may be feen with equal difiin6lnefs, they would be 
to All I cl to dificr by a ratio as great as that of three to one. 

A conefpon ling I'his (.hTcrencc is of courfe more evident in glatTes of fo high 
Adjlowel'^lenfes. than in thofe generally ufed by long-fighted perfons for 

common purpofes; but it cannot be doubted, that a corre- 
fponiling, though fmaller, inequality fubfifts wherever there is 
the tame diflimilarily of conflrudlion, even when the focal dif- 
tance is longed, 

T.he advantage in quefiion is therefore indifputably proved 
by dire<5t experiment; to the novelty of it Mr. J. himfelf ha$ 
unintentionally contributed very latisfaflory evidence ; but as 
to its importance, thofe alone, who have the misfortune to la- 
bour under any defeat of vifion, muft ultimately decide. 

I remain, Sir, 

Your obliged humble fervant, 

March 20, 1 80 1. W. H. WOLLA STON . 


Conclufion. 


IL 


Addiliontd Ohl'ervatiom on fome re/narkaMc Strata of Flint in the 
IjlcofWi^’ , i'i aLtitu'from Sir Charles Englei-ielp, 
Bart, F, /?. S. John Latham, M, D. t\ ll, S, anclL, S,* 
(See Page \S3 of the prefent Number,) 

Dear Sir, 

Obfervaeons on I FEEL much flattered at the notice taken of my Paper on 
remarkable tj,e chalk pits in the Iflc of Wight by the Linnean Society ; 

the ifle of and as 1 wifli to render my account or the very curious appear- 

Wight. ances obferved by me in them as perfe6l as I can, the follow- 

ing additional obfervations on the fubjedt made during a fecond 
vifit lad year are, by your favour, fubmilted to the Society* 

* Linnean X^'^nfaftions, Vol, VI. 

The 
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The pits I lall year Infpefled are as follow, beginning from Obferritlons ai| 

the eaft • rcmarkabk 

Brading pit, which is at the caftern point of the great ridge, tlie llle of 
where the valley of Brading-haven inferfcfls it, and feparates 
it from the Yaverland-hill, which terminates in the fea at Culver 
and Bcmbridge. A road cut into the chalk above Knighton. 

Afhley.down pit, about three miles eaft of Newport. A pit 
very near to and fouth of Carifbrook caftle. The cliffs and 
caves of Frcfliwater bay, both eaft and weft of the valley whic h 
inferfedts them entirely and runs from Frcfliwater to yarmoulh. 

The Yaverland chalk is therefore the only part which I have 
not examined; and little doubt can be entertained of its timilarity 
to the reft of the range, (o which it evidently belongs. 

Ill Brading pits fome flints appear in detached nodules, and 
thefeare found and unbroRen. 


The inclined ftrata of flint are vifible, but not to advantage, 
owing to the manner of working the pits. In tliefe ftrata the 
flints are uiiiverfally ftiattered, fome intoabfolute powder, others 
intogrofler powder and fragments mixed. But befldes thefe 
ftrata, the chalk in this pit is divided by vaft perpendicular 
fiflures, as Imooth as plaifter walls, and in fome of thefe fif- 
furcs flint has formed, which appears broken like that in the 
ftrata. 


The road above Knighton only juft cuts into the clialk ftra- 
tuin, but all the flints vifible in the banks are extremely fliat- 
lered. 

The pit at the weft end of Afliley-down, near tw^o large bar- 
rows, is the moft extenfive and fatisfadory of any I have feen. 
The perpendicular face of the chalk, where w'orked, is not lefs 
than fifty or fixty feet, and its direction is at right angles to that 
of the ftrata, and parallel to their line of dip: — of courfothey 
are feen to very great advantage. The ftrata feems to dip 
northward more rapidly than in any other place where I could 
obfcTve.thcm. The angle of inclination is from 75 to 80 degrees. 
There arc not layers of flints between every layer of the chalk. 
Some of the chalk is peculiarly folid, and rifes in very large 
mafles affc6ling a cubic form. Their folid vein is from twenty- 
five to thirty feet thick, and U in ftrata from three to four feet. 
In all this folid part there are very few flints, 

Both above and below this harder bed (fpeaking of the ori- 
ginal pofUion of the ftrata) the chalk is fofter, and has more 

R 2 flints 
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Obfcnrttioni on flints in it. The (Iratifled flints in this pit are full as niuch 
Kmarkable (battered as any I had feen. The nodules are not at all broke,»- , ’ 
in the Ifle of Many of the Itratined flints are much deraced in this plt.^y an 

Wight. admixture of pyrites, fo as to be quite opaque like a coarfe 

jafper^ and thefe flints are much fofter than the others, as is al- 
ways the cafe in the impure flints. 

In the chalk pits near Cariibrook the flrata are not fo vifible 
as in the pits north of the caftle (defcribed in the firfl papers) 
but the flints are to the full as finely, thougli perhaps not fo 
generally broken. In one flint I obferved that though it lay in 
its bed undiflurbed, chalk as if in a fluid flate had rim into one 
of the fiflures. Every appearance of this pit indicates that the 
chalk, lince its flratifleation, has received a mofl violent (bock. 

The chalk at Frcfliwaler bay appears in high perpendicular 
cliffs, particularly on the weftern fide of the bay. Both on the 
eaftand well the flrata dip northward near 80 degrees, and tlie 
dip Teems to run cafl and weft very regularly. The weftein 
cliff has a very regular and perpendicular face to the eaftvvard ; 
and here the [larallel direction of the ftrata, each feparated b) 
a thin line of black flint prefents a moft curious appearance. 
The flint here is often found in thin plates of conliderable ex- 
tent, fometimes not above an inch thick, and Teems formed 
from each fide of the fpace which it fills, as the exterior parts 
(or Ihofe neareft the chalk) are the pureft and blackeft, and it is 
gradually whiter towards the middle, where there is often a 
foft line of chalk included between the two plates of flint. All 
the ftralified flints are more or lefs ftiattered, and Tome are re- 
duced to very fine powder. The cave at Frcfliwaler, which 
. is really a beautiful as well as a very curious one, is formed by 

the action of the fea on thefe nearly vertical ftrata. They arc 
of different hardnefs, and all interfeefe'd with fiflures at right 
angles to the ftrata. When the fea atls on and wears away a 
foft ftratum, a gallery is formed, and the upper parts of llic*ftra- 
tum between fiflTure and fitfure drop out, much in the fame way 
as bricks are apt to do out of the flat arch over a window, the 
harder contiguous ftrata ferve as w^alls to the gallery, but are by 
degrees perforated in different parts, and become irregular pil- 
lars, fupporting the vaft weight of the hills above, until the 
adlion of the fea weakens them fo far that they fall, and a part 
,of the face of the hill goes with them, fo that the cave is con- 
ftantly, although flowly, changing its form, 

4* Larger 
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Larger maflTes of the harder ilrata, defended by their flint Obfervatiomoo 
^Gating, alfo (land up in the bay as infulated rocks of different 

and much refembling the Needle Rocks, which are in the iflccit 
exactly of the materials and formed by the fame procefs. In Wight, 
this part of the chalk Aratum, 1 faw feveral folhls remain which 
I had fought in vain in the pits I had vKited. One was Angu- 
lar, it had the appearance of part of a very large fliell, regu- 
larly Ariated, and almoA flat. 1 have often feen fmall frag- 
ments apparently of a Amilar Aiell in chalk, but never a large 
piece. It was fo Armly Axed as not to be removed without a 
chiffel, which 1 had not. 

Tothefe obfervations on the chalk of the ifland, I muA add* 
that this whole range, although really chalk* is inucii harder 
than the chalk of the South-downs, infomuch that the carpen- 
ters cannot ufe it for drawing lines, but import chalk for that 
piirpofe from Portfdown hill above Portfmouth. I'hey alfo call 
the ifland chalk by the name of marie, which is, however only 
the BritiOi name for chalk, and appears in many compound 
names, fuch as Marl-borough on the Wiltfliire chalk hills, and 
the very Agnificant one of Albemarle, or white chalk. 

As 1 have made fome further obfervations on the fouthern 
range of hills which form the back of the ifland, I willtrefpafs 
on your patience a little longer, particularly as they in fome 
degree contradi6l, or rather correct* what I had advanced on 
that Aibjedl in my former letter. 

When the northern front of thofe hills is viewed from Afhlcy 
dow'n, the Aratum of Aone mentioned in my former letter as 
lying diredly under the chalk of St. Catharine’s and Dunnofo 
hills, appears every w'here to maintain an horizontal poAtion ; ^ 

and fo in its general poAtion, particularly in its northern front* 
it certainly does, but juA behind the village of Veninor, the 
Aratum entirely difappears, as if it had been ingulphed in a 
gr^at chafm, and a deep and narrow valley runs winding into 
the chalk hill of St. Boniface, though it does not penetrate 
through it, which Teems the remains of the Affui’e into which 
the Aone had funk. 

The appearances of the great Aone Aratum, from Niton 
eaAward to Ventnor are noted as follows in the journal made* 
on the fpot. 

On an attentive infpedlion of the Arata of the under cliff, 
it appears that the great Aratum of rugged and laminated Aone, 

which 
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Obfenrationa on which 
remarkdble 
ftrata of Hint 
in ibe IHe of 
Wight. 


firft appears at the wefl fide of St. Catharine’si and 
thence ranging eaftward, forms the front of the cliff, 
hanging the Underway dips in its fouthern face gently^ the 
eaftward. The clifts at Mirables are much higher above the 
fea than thofe at St. Laurence, and from thence they decline, 
till at the opening of the hill above Ventnor they totally dif- 
appear. A fmall crag juft peeps out of the eaftern face of this 
dell, and the whole hill of Si. Boniface is, as far as can be feen, 
compofed of chalk. As however this, like all other chalk hills, 
is in the ftato of a fteep dope, covered wdth turf, perhaps by 
giving into its face the ftony ftratum might be difcovered. It 
is alfo to be obferved that the chalk, which is not vifible above 
the rock at Mirables, begins to appear foon after, and grows 
gradually thicker as it proceeds eaftward. At St. Laurence it 
forms a thick cap to the rocks ; and at Steephill Shule, its thick- 
refs is very much encreafed, and foon after nothing but chalk 
appears in St. Boniface’s hill. In what form the rock re-ap- 
pears at Dunnofe to the eaft of St. Boniface, I have had no 
opportunity of examining. 

I fhould not, dear Sir, trouble you with thefc defedlive ob* 
fervations, but that every notice, however imperfed!, may be 
of ufe when connedlesd by future obfervations, and that they 
may ferve as a ftimulus to other travellers, who often go over 
this beautiful line of country, to turn their attention to its fin- 
gular natural phenomena. 

1 lend vou two fpecimens of the broken flints, one from 
Brading, the other from near Carilbrook, but the tickets are 
millaid, and I am not fare which is which, 

Tilnty-Street, May 26, 1801. 


I remain, &c. 


III. 

Account of a Machine for fweeping Chhnnies, by aBlafi of Air, 
In a Letter from Mr, J, C. Ho rw blower. Engineer, 

To Mr. NICHOLSON, 

Dear Sir, ' 

1 , -SHALL be much obliged if you will allow- me a page or 
two in your Journal for a defeription of a machine I have laltely 
got up for the purpofe of cltanfing chimnies from foot. My 

9 will) 


InttoduAion. 
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wifti is, if poflibki to keep alive the fpark that has been kindled 
a truly pluianthropic individual, with a view' to reflore a 
degi -^ded clafs of our fpecies to their rank in civil focicly. The 
machine, as it is conftrud^ed/olely for the purpofe mentioned 
above, is certainly novel in its intention, and without a better 
acquaintance with its principle and operation than the public 
are at prefent in pofletfion of, it is not likely to gain that notice 
which in my judgment it is entitled to. There is a propenfity Propenfity to 
in us to turn into ridicule any thing that will admit of a ridi-Jlynj*^ *^ *”^'*** 
culous conflrudion, or afford an oppoilimity for the difpla> of 
our wit; and fuch is the unfortunate circumftancc of this ma- 
chine, that grinning takes precedence of gravity the moment 
it is announced as a candidate for the gold medal at the AdeU 
phi. However, happy for it, and thrice happy for me, there 
is a tribunal which can judge fairly and Icientifically of its 
merits, for which I prefent it as folloWvS. 

The body of the machine A, JVaie XIII, is made of copper, Defedptionof 
of about 3lb. to the fquare foot, and its contents are about a 
three cylindrical feet. In the middle of the cover, which is which is 
foldered on, is a fyringe or condenfer, having its handle as 

' •'o r , - • r municaleswuh 

appears above the cover. On one tide of the cover is infertcd a tube charged 

a crooked pipe, having a valve opening inward in its inner oi 
lower end; the flem of which comes up through the pipe, and being blown up 
terminates wdth a button C. The pipe is continued by »a flex- chimnfcy 
ible leather one, to which is united the tin plate tube B B, 

This tube B B hasa crofs bar of tin plate fixed edge-w’ays in 
the bottom or breech of the lube which detaches from the 
leather pipe fomewhat like a piftol barrel, leaving a piece of 
tube about fix inches remaining to the leather pipe, into the ^ 

bottom of which this cafe bar is fixed, and ferves to receive a 
charge of fmall gravdl, having a piece of paper firft laid on the 
crofs bar ; the other part of the tube is then to be replaced, 
and the air-veflel fuppofed to be full; the valve is prefTed down 
by a little lever accompanying tho machine, and its content;^ 
are difeharged into the ftiaft of the chimney; and if there is 
any foot worth fweeping away, it will come down. 


Ohfervaliom concerning tJte Machine. • 

I do not pretend to have made any new ^ fcovery in the This operation 
conflruflion or application of the machine, for it is well known '* ^ 

• * - , 1. 1 r I r r * I firing a muiKet 

that a mulket has often been applied for the lame purpole, and up the chimney* 

with 
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with as good eifedl as need be, barring the hazard of felting 
fire to the foot ; and indeed, when a chimney has accidentBlIjsf*^ 
taken fire, it is the befl and mod expeditious mode of pu^ng 
it out, at lead of bringing the foot into a fituation by which it 
may be extinguidied. ^ 

Eftjmatc Bf the I have faid that the veflel contains nearly three cylindrical 
extcndftd°air ^'and cannot crowd three atmofpheres of air into it, in 

its cffeft in the which Cafe there will be 42 lbs. per inch fquare at round niim- 
thcli"with^h^^of preffing againd the charge in the tube, or rather again d 
the gravel. valve, the tube being 2| inch diameter, which amounts to 

168 lbs. for the whole area. This air will all be difeharged in 
one fecond, the mean velocity of which may be fairly reckoned 
at 30 feet, in that time having impetus in itfelf fudicient to carry 
away any foot of confequence in a chimney of 100 feet high ; 
but when we take into the account the charge of gravel, being 
alternately incident and ref]e£led on all ddes of the chimney, 
wc need not fear to aflirm that it is perfe^ly applicable to its 
intention. 

curved render it as univerfal as podible, there mud be another 

fhimnies. tube, to be occafionally ufed, when the fide of the chimney 
near the fire place is gathered over in order to bring the throat 
of the flue over the fire, as at Fig. II. from a to 3, or it fliould 
be in feveral pieces, to conform to the height of this gathering, 
and in this cafe the charge mud be at the upper filfure at 3, 
and the pipe dayed as perpendicularly as can be conveniently 
done; for which pgrpofe there is a piece made to fix on the 
pipe, having two dems, as /7g. IIL which if put in the bear- 
ing fide of the pipe, will keep it upright and in the crater of 
' the flue. The machine thus condrufled is to be laid on a little 

truck, and tranfported from houfe to houfe, with a gallon of 
gravel to begin with; becaufe until it lias obtained the good 
opinion of the public, it would not be neceflary to attempt 
fuch regulations as would afterwards be deemed requifite to 
facilitate the operation. 

Trial at the This pooF thing, brought forth under other difadvantages 
^dety°of Arts befides its Angularity^ was conducted to the Adelphi, to un« 
in the Adelphi. dergo an eventful trial, in competition with fonie others, who 
had no fuch Angularity to be imputed to them; they being all 
defeendents of the flock of one family, the remolefl relation 
between each not being more diflant than coufin-german. — 
Other machines One of them however pofTeifed greut originality and ingenuity 
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in the deflgn. It confided of a congeries of bruflies, which in Bruihei. 

eparalion for adtion were collapfed by their conftrudlion fo 
as admit of being thruft up the chimney with very little rc- 
fi fiance, and when it^had gained the top, on pulling a firing, 
it expanded to the dimenfions of the chimney, and brought the 
foot down before it; but from want of a mechanical attention 
to its confirudtion, fome parts being too firong, and fome too 
flight, it broke in the firfi experiment. 

Another (very elegant infirument) was prefented to the A fingle brufii» 
committee, confiding of a large brufii, fuch as 1 have feen in 
fome churches to fweep down the cobwebs, with a fcraper at- 
tached to it; lengthened to the height of the chimney by a 
feries of whalebone rods, whipped together as in the confiruc- 
tion of waggoners* whips, very accurately jointed to each other* 

Indeed this wasefiential and common to them all, except one; 

and that was a brufii, not to be fent up the chimney, but down 

it, by getting on the top of the houfe, and putting it into the 

chimney, and fo letting it fall to the bottom. However, it that ths 

was faid, they would all do very well but mine, as a machine 

like that was adopted to a redlilinear fiue only ; whereas theirs a ftrait Aut. 

had fo many joints and other properties to conform to a curva- 

ture, that they would be fure to go through a crooked flue as 

well as a firait one. 

When the late Doflor Johnfon had any thing advanced to The fame 
him of the marvellous kind, his way of hefitation to admit it, 
was by faying ** It may be very true, but it is impoflible.'* — 

So I fay with refpe6t to the difpofition of thefe rods, when fet 
in com petition with a volume of air going at the rate of fifty 
feet in a fecond from the lower part of the chimney to the top. • 

What is there to flop it ? What is there to prevent its conform- 
ity to the curvature or angles, if you will? 

The manner in which thefe brulhes a£t, let their confirudtion To 
be iVhat it may, is by firiking off the foot. What does a boy ^ 

within the flue with the brufii in his hand? To before fweep- Jwee^ it down, 
ing is the mofi appropriate term for what he does; but then, 
unlefs, we attend to the peculiarity of the afilion, and confi- 
der how far it is pofiible to eflTed that fweeping by another , 
mode of a6tion, we (hall not get any further than the boy in 
the flue. But is it not as eafy to conceive of a quantity of air 
being put into a6tion along a road or a fireet, fo as to fweep 
^way the duft before it ? No; you lyill fay, it blows it along; 

but 
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Inftances of the 
a£tjon of wind 
in a chimney. 


but the term Wowing aflociates only with the accutlomed notion 
of the adtion of wind, and was the efTeft to be produc^4!Jy 
the agency of fleam ; the term blowing would more ea^y be 
difmilfed^ and we might call the action driving it along. 

The term fweep- When we aflbciate this agency of the wind with its efTeCt 

Inftanccs^fcd to°” * ripening corn, we conceive of it /weeping along 

exprefs the OF over the corn; and the fame effe6t would follow, were we 
action of wind, jq conceive of a large brulh of long hair carried on the tops of 
corn; fo that however popular expreffion, or the prejudice of 
cudom may operate to didinguifh the caufes producing the fame 
efTedt, it becomes us to waive fuch diflindtions, and admit the 
efficiency of the one as much as the other, 

I haveobferved that when a door has been fuddenly opened 
or iliut, it has brought down foot hi a ciiimney which has a 
fluggilh draft; or a piece of paper accidentally thrown on the 
/ire has had the like elfedt; and this by a momentary accelera- 
tion of the current of air in the flue. What then will not fuch 
a machine as this perform, with fuch a volume of air, with 
(uch a velocity. 

The air machine One circum dance prefeiils itfclf, by which the air machine 
omfhdg'hts” ^ ^ decided preference over the bruflies; which is this, 

and 18 durable, you mud know the height of the chimney, and adapt the length 
of the rods to that height, or elfe you will not know when you 
^re in the flue or out of it. Whereas my machine knows no 
necedity for Inch a pundlilio; all that is necelfary being only to 
give fo many fliocks of the condenfer to a chimney of two 
dories, and fo many to one of three, and fo on. And again, 
thefe brudies in the very outlet of trial made with them, are 
‘ fuhjedl to accidents, and will mod afliiredly wear out very fad. 

What mud become of thofe whalebone rods when the fewing 
is rubbed through in paffing up and down againd the projec- 
tions of unceremonious bricks and mortar? What repairs will 
they not be fubjefl to in the courfe of oneday’sadion? Whereas 
the air machine will fweep a hundred chimnies, and be repaired 
for two-pence; it wanting only a little oil in the condenfer. 

It was tried at When this machine was carried to the Adelphi, it came to 
the Adelphi , be the third in courfc for the trial, and it was ordered down, 
Swt'wii^neYno foundation of thehonfe, for fear a chimney lliould 

fooc. not be found high enough in any other part of the building. — 

But when it wus brought, behold there had been two fweepers 
already, which obliged me to apologize for the machine, by 

obferving 
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obferving that they had taken down all the foot, and left no* 

K ^'ng for it to do *. Upon which a fuggeftion was made^ that 
ther^'was another chimney which had a fire alternately dudng 
the winter f; and on examination it was agreed, that^ by the 
appearance of the foot about the bread of the flue, the chim- 
ney was very foul, of which, however, I had my doubts. 

But it was thought expedient to try that chimney ; and the 
firft charge we gave it brought no foot. We gave it another 
charge, but no foot came ; and it was thought bed to fend up 
a boy, with proper implements, to fweep the chimney ; but 
no foot came down, except what may be faid to be brought 
away by violence, and did not exceed a quart-potful, and 
with it much mortar or pargetting. 

This brings me to fome obfervations 1 have made on the 
condition of chimnics in general, as to the foot they may 
contain. 

I tried this machine at Shoreditch Workhoufe, where the TrUIs of the 
chimnies are very lofty, for which reafon I preferred them ; ^hcr'diim^a. 
but when I came to fee their circuro dances I fufpeded iiow it 
was, and we tried two of them where the fires had been very 
economical, and may continue fo winter after winter, without 
ever requiring to be fwept at all, for reafons 1 will give by 
and by. I then went to a neighbour of mine, and we fwept 
tw o of his i himnies ; one had no foot, the other liad a good 
deal ; and we thouglit fit to get a boy to go up the lad chim- 
ney, and he brought down about a hatful of foot ; however, 
my neighbour was fatisfied, and figned iny certificate to the 
Committee at the Adelphi. 

We then went to another neighbour’s, and fwept his parlour • 

chimney, and diflodged a great quantity of foot. We were 
to have fwept his kitchen chimney, but it having a fmoke-jack, 
we could not apply the machine for want of the additional 
pipe in 2. 

♦ It appears the committee bad no regard to the effedl of any of 
the candidate’s inventions, any further than a fair thruft up the 
chimney . 

•f With another in the fame room I fpppofe, 


A/ccount 
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Obfcrvatlonsand 
inferences re- 
ipedting the 
changes of rela- 
tive (ituation in 
Hits extremely 
near each other. 


IV. 

Account of the Changes that have happened, 
five Years, in the relative Sitmiion qf Double Stars ; with an 
Invejligatinn of the Caufi to which they are owing. By Wil^ 
LIAM HebsChel. LL,D, F, R. S. From the Philofophical 
TranfaRions for 1803. 

(Concluded from Page 227.) 

I SHALL now enter tnlo a more detailed examination of tlie 
feveral angles of poiition I have taken at different times^ and 
fhow that they agree perfectly well with the appearances which 
mull arife from the revolution of a fmall flar round Caflor. A 
calculation of thefe angles may be had> by finding the annual 
motion of the fmall flar, from the change of 21® 51-', which has 
been fhown to have taken place in 23 years and 142 days. 
Accordingly, I have given^ in the firft column of the following 
table, the time when the angles were taken. In the fecond, 
are the angles as they were found by meafiire ; tliey are all in 
the north-preceding quadrant. The third column contains a 
calculation from the annual motion of 56\ 1 8, obtained as before 
mentioned : it ftiows what thefe angles fliould have been, ac- 
cording to our prefent fuppofition of a revolving ftari And 
the lad column gives the difference between the obferved and 
calculated angles. 


Times of 
obfervations. 

Obferved 

angles. 

Calculated 

angles. 

Differences. 

Nov. 5, 1779 - 

32^" 

47' 

32° 

47' 

0® 

0' 

Feb. 2.3, 1791 - 

22 

57 

22 

11 1 

+ 0 

46 

Feb. 26, 1792 - 

27 

1(5 

21 

16 

+ 6 

0 

Dec. 15, 1795 - 

13 

52 

17 

42 

- 3 

50 

March 26, 1800 

18 

8 

13 

41 

+ 4 

.27 

lAprn 23. 18tK) 

10 

•SO 

13 

37 

BSD 

m 

Dec 31, 1801 

7 

58 

12 

2 

KXl 


Jan. 10, 1802 - 

10 

53 

12 

1 

BSflB 


Jan. 23, 1802 - 

1 10 

28 

11 

59 

- 1 

31 

Feb. 28, 1802 - 

1 13^ 

0 

11 

53 1 

+ 1 


Feb. 1 1 , 1 803 - 

1 7 

53 

11 

0 

- 3 


March 23, 1 803 

1 

23 

10 

54 



March 27, 1803 

1 10 

53 

1 10 

53' 

0 

0 


On 


during the lafi Fi^enty- 
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On looking over the fourth column of this table, it will be Obfervitbniiiii 
•^■^und, that the differences between tl»e obferved and calculated 
angt; ? are not greater than may be expefted, confidering that change® of r«la. 
moft of the early meafiires are tingle, and cannot have the ac- exJremcly' 
curacy which maybe obtained by repetition. Even as they nesr each other* 
are, we muft acknowledge tliem fuflicient to ufeertain the gra- 
dual change in the angle of pofition of the two (lars. In one 
place, the difference amounts to fix degrees; but it will foon 
appear, that a more accurate annual motion gives a calculated 
pofition which takes off much of the error of this meafure. 

In a converfation with my highly efieemed friend the Aflro- 
nomer Royal, he happened fome time ago accidentally to men- 
tion, (hat Dr. Bradley had formerly obferved the two liars of » 

Gemiuorum to fiand in the fame diredtion with Cafior and 
Pollux. It occurred to me immediately, that if the time of this 
obfervation could be nearly afeertained, it would be of the 
grcatefl importance to the fubjefi at prefent under confider* 
ation. For, fliould Dr. Bradley^s pofition be very different from 
a calculated one, it would induce us at once to give up the idea 
of a revolving fiar. The obfervation was made by Dr. Bradley 
with a view to fee whether any change could be perceived in 
the courfe of the year, by which the annual parallax of iheflars 
might be difeovered. Dr. Mafkelyne, who had this informa- 
tion from Dr. Bradley in converfation, had made a memoran- 
dum of it in his papers. He has been fo kind as to look for it ; 
and, as foon as he found the note, he fent me the following 
copy, which I have his permiflion to Iranfcribe. 

Double Jiar Cajlor, No change of pofition in the tti?o ftars : 

** the line joining them^ at all times of the year, paralld to the line » 

** joining Cafior and Polltir in the heavens^ feen the naked 

eye.** * 

Dr. Maflielyne informs me, that the obfervation mufl have 
beeji made about the }ear 17^9; and alfo mentions, that he 
himfelf verified the fa£t, as to the line joining the two Aars ap- 
pearing through the telefcope parallel to the line joining CaAor 
and Pollux, in 1760 or 1761 ; but that he did not examine it at 
various times of the year. 

The advantage of having an angle of pbfition obferved in 
1759 by Dr. Bradley, and fo foon after verified by Dr, Maf- 
kelyne, will give us an addition of 20 years to our period. Og 
^calculating the right afceofipn and polar difiance of CaAor and 

Pollux 
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Obfcrvationsand Pollux for November 5, 1759, it appears, that a line dratWii 
fpcSIn^hr* Pollux through Caftor, muft have made an angle^^ 

changes of reb- 56® 32' north preceding with the parallel of that flat ; this 
ftars extremely*' the pofition of oiir double ftar, we have an interval 

near each other, of 43 years and 142 days, for a change of 45® 39', from the 
time of Dr. Bradley's obfervation to that of my lad meafure of 
the angle. By this we are now enabled to corre6t our former 
calculation, which was founded upon a fiippofition that the firft 
angle of pofilion I had taken w as perfect ; but this could hardly 
be expccled, and on examination it appears that the meafure 
was 2® 40' too little. The annual motion, by our increafed 
period, is I® 3',1 ; and the computation of the angles of po- 
fition in the third column of the following table, as well as the 
differences contained in the fourth, are made according to this 
motion. 


Times of the 
obfervations. 

Obfci ved 
angles. 


Calcuhled 

anglcP, 

Differences. 

Nov. 5, 1754 

56® 

32' 


56® 

.32' 


0® 

0' 

]\ov, ^>, 17 74 

32 

47 

1 

.35 

2.9 

■* 

o 

42 

l eK yi. iTiH - 

22 

57 

1 

2.3 

3(> 


0 

.39 

heh. 26, - 

27 

hi 

1 

22 

32 

+ 

1- 

4 1. 

Doc. I'i, 17!).) - 

13 

52 

1 

18 

32 

- 

4 

40 

Match 2«. ISO) 

18 

S 

1 

14 

.3 

+ 

4 

5 

7\prii2.'J, l.S(K) 

10 

30 

1 

13 

58 

- 

3 

28 

ijoc. SI. I HOI - 

7 

58 

1 

12 

12 

- 

4 

1 1- 

Jan. 10. 1802 - 

‘ 10 

5.3 

1 

12 

10 

— 

I 

17 

Jan. 23, 1 .S02 - 

10 

28 

1 

12 

7 

1 - 

1 

39 

Feb. 2<S, 1 802 - 

13 

0 

1 

12 

1 

+ 

0 

5.9 

Kob. 11, I.S03 - 

7 

53 

1 

11 

1 

- 

3 

8 

March 2.3, 1 803 

13 

2.3 

1 

10 

51- 

+ 

2 

2.9 

March 27, 1803 

----- r 

10 

53 

1 

To”~ 

,0.3 


0 

() 


When the refult of this table is compared w'ith that of. the 
former, it will be feen that my obfervations agree not only very 
well with Dr. Bradley's pofition, but even give more equally 
divided diilerences than before, fo that the exrcfs and differ- 
ences counterad each other better than in the firft table. 

The time of a periodical revolution may now be calculated 
from the arch of 45® 39', which has been deferibed in 43 years 
2 tnd 142 days. The regularity of the motion gives us great 
reafon to conclude, that the orbit in vvhich the fmall ftar move« 

about 
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aboat Caftor, or rather, the orbits in which they both mov<e ObTenrationfiiii 
^und their common centre of gravity, are nearly circular, and 
at r1gjj|j|t angles to the line in which we fee them. If this Ihould change of rcU* 
be nearly true, it follows, that the time of a whole apparent 
revolution of the fmall flar round Catlor, will be about 34-2 near ea^ otlw* 
years and two months. 


y Lconis. 

Our foregoing clifcuflions will greatly abridge the arguments 
which may be ufed, to fliew that this flar and its fmaii com- 
panion are allb probably united in forming a binary fytlem. 
But, in order to give more clearnefs to our difquifition, we 
iliall follow the arrangement which has been ufed with a Ge- 
minorurn, and prefix the fame letters to our paragraphs. 
Then, if any one article tliould appear to be not fufliciently 
explained, we need but turn back to our firfl double flar, 
where the fame letter will point out what has already been faid 
more at large on the fubject ; and an application of it may eafily 
be made. 

The di (lance of the flars y and x, as I (hall again call the 
frnall one, has undergone a vifible alteration in the lad 21 
years. The refult of a great number of obfervalions on the va- 
cancy between the two dar*?, made with the magnil’ying powers 
of 278, 4.60, 657, 84*0, 932, 1501-, 2010, 2589, 3168, 4291., 
i5489, and 6652, is, that with thedandard power and aperture 
of the 7-feet telefcope, the interval in 1782 was J of a diameter 
of the fmall dar, and is now With the fame telefcope, and 
a power of 2010, it was formerly | of a diameter of the fmall 
dar, and is now full 1 diameter. In the years 1795, 1796, and 
1798, the interval was found to have gradually increafed ; and 
all obfervations confpine to prove, that the dars are now’ \ a 
diameter of the fmall one farther afunder than they were for- 
merly. The proportion of the diameter of y to that of x, I 
have, by many obfervations, edimated as 5 to 4. 

The fird meafured angle in 1782, is 7® 37' north following *; 
and the lad, which has been lately taken, is 6^ 21' fouth fol- . 

♦ In my fecond Catalogue of double Stars, (Phil. Tranf. for • 
1785, page 48,) the angle of pofition Is 5® 24'. This was taken 
April 18, 1783 ; and, not being acquainted with the motion of the 
fmall dar, 1 fuppofed it to be more accurate than the former , 
meafure. 


lowing. 
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Qkfonrstloiiiand lowing. The fam of thefe angles gives 1 3® 58', for the change 
taken place in 21 years and 38 days. To accour^fr. 
chainge of reU- this, we are to have recourfe, as before, to the various nitons 

■car each other. 

Single Motions. 


(a) The motion of x alone cannot be admitted, fince it is 
known that y Leonis is not dt reft. The annual proper motion 
of this ftar, according to M. De la Lande, is + 0",38 in right 
afcen(ion, and 0".04' in declination towards the fouth. 

(5) y cannot be t* e or*y moving body ; becaufe its mo- 
tion in right afcenfion onlv, which, in 21,1 years, at the parallel 
of y, amounts to would have long ago taken it away from 
the fmall ftar. 

(c, d, ej The fun cannot be the only moving body ; becaufe 
its motion ' right afcenfion will not account foi that of V 
Leonis^ which ftar therefore cannot be at reft. And, if we 
were willing to give up the former afliimed folar motion, in 
order tc .x up. n fuch a one as would explain the motion of y, 
we fliould be under a neceflity to contradict the united evi- 
dence of the proper motions of many principal ftars which are 
in oppofttion to it. 


Douhk Motions, 

(/) When two motions are propofed, we cannot fix upon 7 
and X for the moving bodies, unlefs we Ihould fet afide the 
folar motion, and this, we know, cannot properly admit of a 
doubt. 

(g) That we cannot allow O and x to be the tw'o bodies in 
motion, follows from the infufticiency of the folar motion to 
account for that of r, which muft be real, or at leaft partly fo. 

(4) If O and r are the moving bodies, the given fttuations of 
X, in the years 1782 and 1783, point out an apparent motion 
of X, which muft be intirely owing to the folar parallax ; and, 
therefore, thofe who will admit this hypothefis, muft grant the 
difeovery of the motion of the folar fyftem, and of the propor- 
tional parallax of the two ftars y and x. Let us however exa- 
mine whether any motion of the fun, fuch as we can admit, 
will account for the change of pofition and diftance pointed out 
^ by my obfervations of the fmall ftar near 7 Leonis. 


The 
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The joint effed of proper motion and parallax, has carried y 
<^<from its fituation in 1782 to that where we now find it. The 
having all this time, in appearance, accompanied y, 
mufi have gone through a fpace of 7", 98, in a diredion which 
makes an angle of 8® 30' foutli following with the parallel of 
y, in order to be at its prefent difiance from it, and at the fame 
time to have undergone the required change of its angle of po- 
ll tion, Now, as tl)e tuppofition we are examining requires this 
fmall fiar to be a6tually at refi, it will be neceflary to allign to 
the fun an oppofite motion of the fame velocil), in order to 
make that of jr only an appai ent one. The confequcnce of this 
will be a retrograde motion of the fun, which it is w’ell known 
cannot be admitted. 

Motion of the three Bodies, 

( 2 ) A motion of all the three bodies, is the only way left to 
explain the plienomena of our double fiar ; and I lliall now 
again point out the very particular circumfiances which it is 
requifite thou Id all happen together, to produce the intended 
efFed. 

Let the motiqn of the fun, with the fame annual velocity 1, 
as in the cafe of Geminorum, be direded lowaids x Herculis. 
Then the effedt of this motion will ftiow itfelt at the place of 
y Leonis, in the annual velocity of ,3314*, and in a diredion 
which makes an angle of 31® It' ibuili preceding wolh the pa- 
rallel ot that fiar. In this calculation, I have admitted thedif- 
lance of the largofi of the two fiars of 7 Irom the fun to be 3, 
<!'al of a Geminorum being 2. But, if any other diftance 
fhould hereafter be confidered as more probable, the calcula- 
tion may be eafily adapted to it. The confequcnce of the pa- 
rallax thus produced^n y Leonis in 21,1 years, will be an ap- 
parent motion of 2", 7 88 fouth preceding, in the abovemen 
tioned diredion; and, on jr, it will be in the fame time, and 
in the fame diredion, 1",091. As the fmall fiar niufi not be 
too near y, we have, in the calculation, fuppofed it to be at 
iie di fiance of 4 from O. 

The real annual proper motion of y is required to be 3,5202; 
and its diredion inufi make an angle of 3® 40^ north following 
with the parallel. By this motion alone, y would have pafled 
over a fpace of 9"87 in 21,1 years ; but, when it is combined 
with the apparent motion arifing from parallax, the ftar will 
come into its prefent fitualion. 

VoL. VII.— April, U04. S The 
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Obfervaclontand The reaJ annual ftiotion of x mud be 4f,629^, in a dlrefiion 
fpeaSng Tollowing. This will carry It over 9", 7 4-, in 

cWgei of reta- years; and, when combined with the appai%nt inotion,,>^iOh 
ftlrs^xtrertily parallax will occafion, both together wsH bring it to 

acar each other, its proper didance from y Leonis, and to a fituation which will 
agree with the lad obferved angle of pofition. 

From what has been laid, it is again evident, that not only as' 
many particular circumdatices mud concur in explaining the 
phenomena of y Leonis as we have pointed out with » Gefni- 
norum^ but that a very marked condition is added in our fecond 
double dar, which requires an adjudment of velocities in y and 
X, which fliall alfo ht the fame Iblar motion that wasufed in » 
Geminorum. And this proves, that every additional double 
dar which requires the fame condition in order to have its ap 
pearances explained, will inforce the arguments which have 
been ufed, in a compound ratio. 

If, on the other hand, we have recourfe to the fimplicity of 
the known eflefls of attradlion, ahd admit the two dars of our 
prcfeiU double dar to be united in one fydem, all the foregoing 
diflicuhies of accounting for the obferved phenomena will 
vanifli. Whatever may be the proper motion of the fun, the 
parallax arifing from that caufc will affeft both dars equally, 
on account of their equal didance from the fun. The proper 
motion of y Leonis alfo may be in any dire6tion, and of any 
given velocity, fuch as will agree bed with adronomical ob- 
fervations ; fince the motion of a fydem of bodies will not in- 
terfere with the particular motion of the bodies that belong to 
it, fo that our fecondary dar will continue its revolution round 
the primary one without didurbance. 

It wifi now be neceflary to examine the obferved angles of 
pofition, and to com{>are them with calculated ones ; but, as 
there has been a change in the didance of the two dars, it is 
evident that, if they revolve in circular orbits, the fituation of 
the plane of their revolution mud be confiderably inclined to 
the line in which we fee the principal dar. 

Let N F S P, Fig. 2, be the orbit in which x revolves about 
7 placed in the centre, Suppofe a perpendicular to be erected 
at y leading to O, not exprefled in the figure. By an obferva- 
tion of Feb. 16, 1782, we have the angle F y x = 7® 37' north 
following ; and the proportion of the apparent diametecof y to 
that of X has been given as 5 to 4*. It has alfo been afeer- 

tained 
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t&ined, that the vacancy between the apparent diameters, Obfemtionisni 
the firft angle of potition was taken, 

the liliall flar; and the lafl angle of pofition being 6^ 21^Gban|aaofre)i« 

fouth following, with a diHance between the flars of | diame- 

ter of the fmall liar, we obtain the two points or centres of the near etch ether* 

fmall Aars xx', through w'hich an elliphs abxx'cd may be 

drawn about y. This will be the apparent orbit in which the 

fmall Aar will be feen to move about 7, by an eye placed at O. 

And the inclination of the orbit to the line in which we fee the 
double Aar, will be had fufficiently accurate to enable us to give 
a calculation of the feveral angles of poAlion (hat have been 
taken. The elliptis we have delineated Hiews (hat the fmall 
Aar, in its hrA fituation x, could not be much paA its conjunc- 
tion at bg and that, confequently, in patfing from x to x^ the 
parts of the apparent elliptical arch, which are projections of 
the real circular arch h h\ would be deferibed in times nearly 
proportional to the time in which the whole arch has been de- 
feribed. Upon ihefe principles, the third column of the fol- 
lowing table has been calculated. 


Times of the 
obfervations. 

Obferved 

angles. 

Calculated 

angles. 

Difterencei. 


7 

37' tif 

7® 

37' 

0 ® 

0' 

April 18, 1783 - 

5 

24 nf 

6 

51 

- 1 

27 

Jan. 24., 1800 - 

3 

16 rf 

4 

15 1 

- 0 

59 

Feb. 19, 1800 - 

3 

'23 tf 

4 " 

18 

'-0 

55 

March 26, 1800 

3 

47 >f 1 

* 4 

22 1 

- 0 

35 

Jan. 26, 1802 - 

6 

4 tf 1 

5 

35 1 

+ 0 

29 

Feb. 10, 1303 - 

3 

33 rf 1 

6 

■f6~ 1 

- 2 

“43 

March 22, 1803 

6 

32 sf 1 

6 

20 1 

+ 0 

12 

March 26, 1803 | 

• 6 

21 1 

6 

21 1 

0 

0 


The difference between the calculated and obferved angles, 
con(ained in the fourth column of the preceding table, is fo liUlc^ 
that we may look upon the gradual change of thefe angles as 
cAabliAied by obfervation ; and we may form a calculated eAi- 
mate of the time which will bo taken up by the mutual revo- 
lution of the two Aars. The apparent places xx', being referred 
k> their real ones, givq the arch k h\ which has been deferibed 
in 21 years and 38 days ; and this arch, feen from the centre y, 
is about 6® 20' : it follows^ that the length of a whole revolu- • 
tion of OUT fmall Aar round y Leonis, will be abont 1200 years. 

S 2 I Booths, 
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f Bonds, 

Obfervations and This bdautifiil double ftar, on account of the clifferentxoloufs 
inf|^cn«s^re- conipofed, has much the appearance 

changes of rcla-of a planet and its fatellitc, both fliining with innate but differ- 
tivc fitiiation in ently coloured light. 

near each oTher. There has been a very gradual change in the didance of the 
two dars; and the refuit of more than 120 obfervations, with 
dill’erent powers, is, that with the dandard magnifier, 460, and 
the aperture of 6,3 inches, the vacancy between the two dars, 
in the year 17 81, was diameter of the large dar, and that it 
now is 1-|. By fome earlier obfervations, the vacancy was found 
to be confiderably iefs in 1779 and 1780 ; but the 7-feet mirror 
then in ufe was not fo perfedt as it (hould have been, for the 
purpofe of fucli delicate obfervations. By many edimations of 
the apparent fize of the dars, 1 have fixed the proportion of 
the diameter of c to that of r, as 3 to 2. Augud 3 1 , 1780, the 
fird angle of pofition meafured 32^ 19' north preceding*; 
and, March 16, 1803, I found it 44® .52', allb north pre- 
ceding: llie motion, therefore, in 22 years and 207 days, is 
12® 33'. It fliould alio be noticed, that while the apparent 
motion of a Geminoruin, and of 7 Leonis, is retrograde, that 
of e Bootis is diicdl. 

A proper motion in this dar, if it has any, is dill unknow’n ; 
our former arguments, therefore, cannot be applied to it, wilh- 
, out lome additional confiderations ; and, as many others of my 
double dars wii! dand in tlie fame predicament, I fliail give an 
outline of what may be faid, to fliow that this, and probably 
‘ many of the red, are alfo binary fydems. 

Single Motionsf 

{a — <r) If E Bootis is a dar in which no proper motion can 
be perceived, we may infer, from the highly probable motion of 
the folar fydem, that this dar, which is of the third magnitude, 
and on that account within the reach of parallax, mud have a 
real motion, to keep up with the fun, in order to prevent an 

The angle of pofition, in my fijft Catalogue of double Stars, 
Phil; Tianf. for 1782, page 115, is 31‘" 34' (it fliould be 54) 

. noith preceding. This will be found to he a mean of the three firft 
mtHiuics hereafter given in a table of pofitions. 


apparent 
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apparent change of place, which inuft otherwife have hap* 
pci^d. In this cafe, no tingle molioncan be admitted to ex- 
plain liie phenomena of our double liar. But, if a real proper 
motion of E Bootis Oiould hereafter be afcertained, the argu- 
ments we have ufed in the cafe of y Lconis, will lead to the 
ikmc conclution. 


Double Motions, 

(/) 8 and X cannot be the moving bodies ; and our former 
argument (/) w'lll apply to every double Bar v\hatfnever. 

(g) O and X cannot be alone in motion ; lor, if no motion in 
I can be perceived, it muft move in alimilar manner wdth the 
fun, and none of the three botlies will be at relV But, if its 
proper motion fliall hereafter be found out, it mnfl either be 
exa6tly the reverfe of the folar motion, and therefore only an 
apparent one, or it wdll be more or lefs difl'erent. In the 
latter cafe, all the three bodies mnft be in motion ; in the 
former, the exacl quantity of the folar motion will be difeo- 
vered, and the relative paialJax of many liars may be had by 
obfervation. 

(/i) If O and E are the two bodies in motion, and if at the 
fame time no motion in e can be perceived, then the apparent 
motion of x miifl be intirely owdng (o the different elfe6l of the 
folar parallax on e and r; but (he clfe61 of (lie folar parallax on 
X; can only be in a direction contrary to the motion of the fun, 
which, being north following the fmall flar, whether it be 
nearer or farther from us than e, muft have an apparent motion 
towards (he fouth preceding part of the heavens. But (his is 
diredlly in oppofition to my obfervation of the motion of the 
fmall Bar, which, thefe lafl 23 years, has been directed to- 
wards the north following. 

Motion of the three Bodies, 

(i) Let the motion of the fun be again towards ^ Ilerculis ; 
then, if no motion in e Bootis be perceivable, it mufi move 
exadlly like O. Highly improbable as it is, let it be admitted. 

Then, in addition to this extraordinary fuppofilion, a third 
motion is alfo required for x, which, aided by the folar parallax, 
is to carry it likewife within a quarter of a diameter of s, into 
the fame place wheie, though unpcrceived, the Urge Bar hsgi 
been carried by its own motion | tiiat is, in order to be appa- 

rently 


^61 

Obfervations and 
inferences re- 
fpedting the 
ciunge of rela- 
tive (ituatUm in 
ftiis cxtiemely 
near cjich other. 


9 



CAUSE OF THE CHANGES OF EELATIVE 


Obfervationsandrently at reft, the futii i Boolis, and its fmall companion, muft 
fpeStng^hr' move exactly alike, fetting afide the very little differen^n^' 
ch^ge of rela- the polition and didance of the fmall Aar, which, in (he yhme. 
Sari amounts to little more than 6-tenths of a fecond ; than which, 

^ear each other, certainly nothing can be more improbable. 

^ But, if f fliall hereafter be found not to have been at reA 

daring the time of my obfervations upon it, tiien its place w ill 
be given ; and, fince alfo the Atuation of x, with refpedl 1o t, 
is to be had from my angles of pofition and diilances of the 
two Aars, the cafe will be fimilar to that which has already 
been conAdered, in the paragraph (t), under the head of V 
Leonis. 

I may here add a remark with regard to i Bootis, which will 
be applicable to feveral more of ray double Aars. In the milky- 
way, a multitude of fmall Aars are profufely fcattered, and 
their ariangement is very different from w'hat w'e perceive in 
thofe parts of the heavens which are at a confiderable diAance 
from it. About e Bootis, which is fituated in what I have for- 
merly called figuratively a nebulous part of the heavens*, there 
are, comparatively fpeaking, hardly any Aars ; and, that fo 
remarkable a Aar as £ (lioulcl have a companion. Teems almoA 
to amount to a proof that this very companion is, as it appears 
to be, a conneded Aar. The onus prob^ndi, therefore, ought 
in juAice to fall to the Aiareof thofe who would deny the truth 
of what we may call a fa61 ; and 1 believe the utmoA they could 
do, would be to prove that we may be deceived ; but they can- 
not (how that this Aar has no connexion with i Bootis. 

This argument will be much fupported, when we confidcr 
that many of the double Aars in the milky-way are probably 
fuch as have one of the fcattered Aars, nearly in the fame line, 
at a great diAance behind them. In thi»ca(e, the two Aars of 
the double Aar have no connection with each other; and the 
great number of them in the milky-way, is itfelf an indication 
of this effect of the fcattered multitude of fmall Aars. In the 
Angle conAellation of Orion, for inAance, we have no Jefs 
than 43, pointed out by my catalogues ; ten of which are of 
the ArA clafs, and yet have undergone no change of diAance 
‘ or poAtion A nee I ArA perceived them. But, with apparently 
pfulated Aars, fuch as e Bootis, the cafe is juA the reverfe* 


f Sec Phil. Tranf, for 1784, page 449. 
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Ifi in confeqncnce of our former arguments, and the prefenl Obfervationsaod 
reij^rksi we place i Bootis among the ftars which hold a fmaller fpcdt^nx^thr" 

one in^ombinatioQ, we raa)^ delineate its orbit as in Plate VIII. change of rela- 
Q tive lituation in 

**• ftari cjctroiiely 

Let P N F S reprefent a circle, proje6Ied into the elliptical near each oih^r, 

orbit a jc Ji^ 6 c* d. e is the large flar ; and x xf are the firlt and 
laft meafured north preceding fituations of the fmall one, as 
given in the following table. 


Times of the 
obfervations. 

Obferved 

angles. 

Calculated 

angles. 


DifFerenccs. 

Aa^utl 31, 17fl0 

1 32® 

19' 1 

33^ 

.58' 


~ 

39' 

March 13, 1781 

1 30 

21 1 

34 

1.3 


*- 3 

52 

May 10, 1781 - 

1 33 

1 1 

34 

18 


~ 1 

17 

Feb. 17, 1782 - 

1 38 

26 J 

34 

40 


+ ^ 

46 

Au^virt Irf, 1796 

1 45 

32 1 

41 

40 


+ 3 

52 

Jan. 28, 1802 - 

1 49 

18 1 

44 

19 


+ t 

59 

Au>»uft 31, 1802 

1 46 

47 1 

44 

36 


+ 2 

11 

March 23, 1803 

1 4^3 

43 1 

44 

52 


- 1 

9 

Marcli 26, 1803 

1 44 

.52 1 

44 

52 


0 

0 


The real motion from h to l\! is projected into that from x to 
x'; and, while the elliptical arch fubtends an angle of 12^ 
the circular one will be about 4^ BC/, 

From the figure of theorbitf we may conclude that the fmall 
liar, in its firft portion, at x or kj was not more than between 
30 and 40 years paft ifs conjuo^ion; and that, confequently, 
the parts of the arch x xf, were nearly proportional to the times 
of their being deferibed. The pofitions have been calcuUted 
upon this principle; but with forae allowance for the firft ob- 
ferved angle, which I fuppofe to have been a little too fmall ; 
and» though the diftbrences of the obferved and calculated 
angles are pretty confiderable, the obfervations are ftill fuffi- 
cieiUly conCftent to prove the gradual change of the fUuatiQii 
of the fmall ftar. 

The quantity of the change in 22 years and 207 days, will 
fhow that a periodical revolution cannot take up lefs than 1 68 \ 
years. The real figure and fitualion of tlie orbit, with many 
other particulars, are ftill unknown ; it is, therefore, unnecef- 
fary to point out the uncertainties in which the inveftigation of 
the periodical time of the fmall ftar about « Bootis muft Jpng 
remain involved^ 


^ Herculis. 
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f Herculis, • 

My obfervations of this ftar furmth us with a pbenonenon 
which is new in agronomy ; it is, the occultation of one ftar by 
another. This epoch, whatever be the caufe of it, will be 
equally remarkable, whether owing to folar parallax, proper 
motion, or motion in an orbit whofe plane is nearly coincident 
with the vifual ray. My firft view of this ftar, as being double, 
wa'^ f'jly 18, 1782. With 460, the ftars were then \ diame- 
ter of the fmall ftar ^funder. The large ftar i^ of a beautiful 
bluifti while, and the fmall one afli-coloured. 

July 21, of the fame year, 1 nieafiired the angle of pofttion, 
20® 42^ north ibllowing. With the ftandard power, the dif- 
tance of the ftars remained as before. With 987, they were 
one full diameter of the fmall one afundcr. 

In the year 1795, I found it difficult to perceive the fmall 
ftar; however, in 06loberof the fame year, I faw it plainly 
double, will) 460; and its pofttion was north following. 

Other buftnefs prevented my attending to this ftar till the 
year 1802, when I could no longer perceive the fmall ftar. 
Sometimes, however, I fufpcfled it to be ftill partly viftble; 
and, in September of the fame year, with 460, the night being 
very clear, the apparent difk of ^ Herculis feemed to be a lit- 
tle lengthened one way. With the ten-feet telefcope, and a 
power of 600, I faw the tw'o ftars of n Coronae very diftin6lly; 
and, having in this manner proved the inftrunient to adt well, 

I diredled it to ^ Herculis, and found it loliave the appearance 
of a lengthened, or rather wedge-formed ftar; after which, I 
took a meafure of the pofttion of the wedge. 

Our temperature is feldom uniform enough to permit (he ufe 
of very high powers; however, on the 1 1 th of April, 1803, I 
examined the apparent ditk, with a magnifier of 21 40, and found 
it, as before, a little diftorlcd ; but there could not be more than 
about -I of the apparent diameter of the fmall ftar w^anting to a 
complete occultation. Moft probably, the path of the motion is 
not quite central; if fo, the dilk will remain a little diftorted, 
during the whole lime of the conjundtion. Our prefent obferya- 
tions tannot determine w^hich of the ftars is at the greaU ft dif- 
(ance; but this will occafion no difference in the appearance; 
for, if the fmall ftar fhould be the neareft, its light will be 
Equally loft in the brighlnefs of the large one* 


The 
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The obfervations I have made on this ftar, are not fufficient Obfervatiopt 
to d^e^l us in the invefligation of the nature of the motion by j"fjed^ng”hc 
which ^his change is occafioned. changes of reb. 

We may however be certain, that with regard to Am exltemety* 

near etch othiMW 


Single Motions, 

(a, h) Neither x nor ^ can be fuppofed to be the only mov- 
ing bodies, without contradiding the highly probable argu- 
ments for the fun's mol ion. • 

( c, d) If we admit the fun to be the moving hodv, the ftars 
^ and X being at refi, we may calculate (he effect of the folar 
parallax upon them, asfollows. Let OmovafowardsX Herculis, 
with the annual vclocily 1 , as in the cafe ofat Geminoriim ; then, 
from the fituation and magnitude of (he large ftar of ^ Merculis, 
which we will fiippofe 4m, the eflc6I of the folar molion at ^ 
W'ill be only ,0522 ; aru), at x, fuppofed to be at the diftance 5m, 
it will be ,0V1H. This will (how itfelf at the parallel of ^ in a 
direfbon of 25^* .5' north preceding, the folar molion being in 
the oppofite diredlion foiith following. But this parallax will 
only produce, in 20 years and 10 months, an apparent change 
of O'' ,44«4 in (, and of 0' ,355 in x; and will feparate the 
ftars, inftead of bringing (hem to a conjiin6lion. 

('ej A confiderable advantage may be gained, by placing x 
at a hide more than y the diftance of ^ from O. For as, in the 
above-mentioned time, this w’ould make the cffedl of parallax 
upon it l" ,18, a conjunction (liould now take place. But then 
the flars, though very near each other, would not be quite in 
contact ; much lefs could one of them occafion an occultalion 
of the other. The fuppofition alfo, that (he fmall ftar (hould 
be only-J- of the diftance of the large one from us, is not very 
favourable to the hypothefis. 


3 Serpentis, 

This double ftar has undergone a very confiderable change 
in the angle of pofition, but none in the diftance of the two 
itars. The 5th of September, 1782, an accurate meafure of the 
pofition was 42® 48' fouth preceding; and February 7, 1802, it 
meafured 61® 27' foulli preceding. In 19 years and 155 days, 
therefore, the fmall ftar has moved, in a retrograde order, over 
an arch of 18® 39'. 


Every 
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Obfervatioiis Every argumenl, to examine the caufe of this motion^ whiph 

re^ca?n^"Sc ' Bootis, in the paragraphs from CaJ to pj,* 

chjiiiges of rcia- Will Completely apply to this ftar ; from this we may cojgpliKie# 
Aan emcmcly natur^ way of accx)unting for die ohferved chai)ges» 

Bear each other, is to admit the two flarsto form a binary fydem. In this calc 
we calculate, with confiderable probability^ that the periodical 
time, of a revolution of the fmall Aar round S Serpentis, muA 
be about 375 years. 

♦ 

y Virginis. 

This double ftar, which has long been known to afironomers,* ’ 
has undergone a vifible change fince the year 1780, when I 
firft began my obfervations of it. The 2lft of November, 
1781, 1 meafured the poAlion of the two Aars, whicii was 
40® 44' fouth following. The Aars are fo nearly equal, that 1 
have bul lately afeertained the following one to be rather larger 
than its companion; the pofition, therefore, ought now to be 
called north preceding. By a mean of three meafures, that were 
taken on the 16 th of April, 1 803, the angle was 30® 20' np. 

The di Aance, as far as eAimations by the diameter can deter- 
mine, when the Aars are fo far afunder as thefe are, remains 
without alteration. May 21, 1781, they were 2| diameters 
afunder ; and, by eAimations lately made, with the fame in- 
Arument and power as were ufed 21 years ago, the Aars are 
Aill at the fame diAance of 2| diameters. 

A very fmall proper motion in declination, of 0'',02 towards 
the fouth, has been aAigned to this double Aar ;t but the quan- 
tity is hardly fufficient for us to rely much upon the accuracy 
of the determination. 1 ihall therefore rather con Adcr r Virginis 
^ one of the Aars of which we have no proper motion aicer- 
tained ; and the arguments to which I P.iall refer, will confe- 
quently be thofe which have been given with e Bootis. 

The change of the angle of petition, in the time of 21 years 
and 143 days, amounts to 10^ 24^; from which we obtain the 
annual motion of 29 ',16. The obferved and calculated angles, 
with their differences, on which it will not be neceffary to 
make any remarks, are in the following Table, 

* Memoires del* Academie df 5 Sciences. Ann. 1720. 

+ Connoifance des Temps, Annte VI. page 213, 

Times 
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Times of the 
ObCervationi. 

Oblerved Calculated 

angles. . angles. Differences. 

>}ov, 21, 178 i -- 

40« 44' 1 40“ 44' | 0“ 0' 

Jan. 29. 1802 - . 

28 22 1 30 61 1 —2 29 

April li, 1803 - 1 

30 20 1 30 20 1 0 0 

May 28, 1803 - j 

32 2 {30 17 1 -fl 46 


OLfcrvatiopt 
and inference 
refpcdling the 
changes of rela^ 
live fitaation in 
ftars extremely 
near each other. 


As a confirmation of the accuracy of thefe obfervations, we 
may have recourfe to a pofition of the fame fiars, deduced from 
the places of them, as they are given in Mayer’s Zodiacal 
Catalogue. By two obfervations reduced to the beginning of 
the year 1756, the preceding one was 3'',8 before the other in 
right afcenfion, and 5'^3 more north than that (lar. From this 
we calculate the pofition, which was 54® 21' 37" north pre- 
ceding. The interval from the 1ft of January, 1756, to the 
21ft of November, 1781, is 25 years and 325 days. When 
this is added to the period I have given, we have 47 years 
and 105 days, for a motion of 24^ 2^. The annual motiont 
deduced from this lengthened period, which is 30',5» difters 
lefs than 1 J minute from that which has been calculated from 
my obfervations. With the affiftance, therefore, of Mayer's 
obfervations, which greatly fupports our calculation, we may 
conclude, that the two ftars of y Virginis revolve round each 
other in about 70S years. 


V. 


Account of the Jnvaition of the Cornpound^Barrel and Winch, 
arid it$ vftjul Application on a Large Scale, In a Letter from 
Mr,], J. HAWKiNSf 

To Mr. NICHOLSON. 

SIR. 


In No. 25 of your ufeful Journal, p. 50, you mention the 
compound-barrel and winch, as the invention of the celebrated 
Mr. George Eckhardi. 

Not in the leaft wifliing to fubtradl from the well known in- The compound 
ventive talents of that Gentleman, I beg leave to fay, that, wa"alfo”in- 
if it was invented by him, it was alfo invented to my certain vented by Mr. 
knowledge, by the late Mr. Robert Me Kean of Philadelphia,*^* 
fon to the prefent governor of Pennfylvaiua. 


4 


Mr. 




■ 2(58 
In 1795 ®*' *79^* 

Defci;iptiont 


Pimenfions and 
apphcatian of a 
compound 
Wrcl. 


Its power as one 
to twenty. 


A common 
tackle would 
have rcquiied 
fiytr times as 
much rope j 

but thinners 


This windlafs 
does not run 
down* 


It promifes to be 
extenfively ufe- 
f«)* 


COMPOUITP BARREL Al^B WlKCfT* 

Mr. Me Kean communicated the idea to me a few days 
after it firll occurred to him, in the year 1795 or 1796 
plan differed, however, in two points, from that defcibbed in 
your Journal ; for, firAIy, he made ufe of handfpikes applied 
into holes in the end of the largeft barrel, whenever the winch 
did not afford him fufficient power ; and, fecondly, when he 
found it neceffary to raife any thing above the level of his 
windlafs, he added two other pullies for the rope to pafs 
over. 

About the year 1797, Mr. Me Kean ercdled a faw-mill 
worked by a Aeam engine, at Bordenton in New Jerfey ; 
where he employed this crane to raife his logs, from the ground 
to the frame on which they were to be cut, being a height of 
about twelve feet ; the circumference of the large A barrel was 
about fix feel, and its length three feet ; the fmallefl barrel 
was of the fame length, and its circumference three feet, 
making the diA’erence of their circumferences three feet ; and, 
confoqiuntly one turn of the hanels, railed the log one foot 
fix indies ; and eight turns only were fufficient, to elevate it 
the height required. 

This windlafs was turned w ith handfpikes fix feet long ; 
which, at the place where the power is generally applied, 
w'ould eleferibe a circle of about 30 feet ; fo that the power 
obtained, is as one to twenty. The length of rope ncccfiary, 
including that which pafTcs round the pullies, and from thence 
to the barrels, is about 55 feet. 

Now in order to raife a weight 12 feet high, with a power 
of one to twenty, by means of the common block pullies, 
no lefs than 270 ieet of rope is necedary ; there is, liowevcr, 
this difl’erence in the lizes of the ropes, that, in the former 
cafe fupporiing one lialt of the weighf'to be raifed, whereas 
in the latter it has only to fuliain one twentieth part of it. 

The windlafs has the peculiar property of holding the weight 
at any part of its rife or fall, without needing a ratchet-wheel 
and catch ; by reafon of the two parts of the rope pulling on 
oppofite fides of the barrels ; and although one pulls on a 
longer lever than the other, yet it is not fufficient to overcopie 
the fridlion on the axis, which muA of neceffi ty be large, in 
order to give the requifite Arenglh to the machine. 

I have lately introduced a fmall w indlafs of this kind, into 
a piece of machinery requiring alternate elevation and de- 

preffioHi 
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preflion^ and find it extremely convenient ; and I have no 
' doijbt it will be adopted in a great variety of machinery when 
its vali^able properties are generally known* 
lam. 

Sir, Yours, &c. 

J. J. HAWKINS. 

X 1 , New Lijlc Street, 

March 17, 1804-. 


VI. 

Propojhl for conJiru6ting a Gakanic Apparatus of Great Power, 
far the Combujition qf Metals, By a Correfpondent, I. R. I. 

To Mr. NICHOLSON. 

SIR, 

The following idea of a mode of increafing to an iinmcnft* li\creafe of 
degree the galvanic power of inflaming nK lal-?, took its origin 
from Mr. Wilkinfon’s paper on that fubje^ in yourlaft Journal ; 
and I beg that if you think this communication can be of ihe 
fmallefl ufe to that ingenious gentleman, that you will lend it 
to him before publication. 

I can hardly think that it could have efcaped his penetra-hy one linglc 
tion, (though I cannot account for his omitting the oblervalion) 
that the natural confcquence of his difeovery relative to the 
ratio by which the galvanic trough increafes in its power of 
indaming metals, is, that the maximum of effedl will be pro- 
duced (from a given fur face,) by one pair only; fo that the 
fame furface of metal that in his apparatus at prefent confiru6t- ^ 

ing and diftributed intp 50 pairs, will burn 108 feet of fteel wire 
-f-Q of an inch thick, if concentrated info one, will have the 
fame effect on S-tOO feet of the fame wire; an enormous iii- 
creafe of a power that may become as noble a prefent to the 
arts, from fcience, as the fteam-engine has proved, 

I havealfo turned ray thoughts towards making a new form Defeription of 
of apparatus, on the above principle, foas to condenfe it into 
as little bulk as pollible. The fimple infpedlionof the draw ing P^*^***' 
accompanying this will fufficiently illuftrate it ; the fcale is of 
three inches to a foot, [PI. XV.) it reprefents part of (heground 
plan ofa trough, of about ten feetlong, two feet broad, and twoat>d 
half feet deep : the black line reprefents the copper, (be dotted 

the 
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the zinc> the white the acid liquor, and the (haded pAtt the 
wood: the fcale is made large for the fake ofdiftin^tnefs ;y.wt) 
fpigots or turncocks are adapted to the end by which the liquor 
may be drawn off ; a contrivance of great ufe, but impra£tica- 
ble in the prefent form ; only two convolutions of the plates 
are exprelTed, and the turns are made about three inches wide, 
to facilitate the foldering of the zinc plates to the copper ; 
the liquor is confined in as fmall a fpace as poUiblei to prevent 
the unnecefTary wade of acid. It may alfo be conflru^ed 
with one metal only, on Mr. Davy's plan ; in that cafe, the 
fulphuret will occupy one fide of the plate, and the acid the 
other. Hoping that the above may merit a place in your 
very excellent Journal, and be of uib to my fellow labourers 
in fcience, 

1 remain. Sir, 

Your rood obedient humble Servant, 

I. R. I. an old Correfpondent. 

Edinburgh, March 13, 1801*. * 


VIL 

A Memoir concerning the Fa/clnating Faculty which has been af^ 
cribed to the Rattle^Snake and other American Serpents, By 
Bicnjamin Smith Bauton, M. D *. From the Amrican 
Tranfa6tions, Vol. IV, 

FiDEM MON ABSTULIT ERROR. 

IMaTUR ALISTS have not always been philofophers. The 

flight and fuperficial manner in which they have examined 

• 

* Since this jnemoir was read before tlie Society, it has been con- 
fiderably altered, and fomewhat enlarged. 1 hope, the alterations 
will rcwler it more worthy of the notice of tbofc who, like myTelf, 
derive plcafure and happinefs from the contemplation of the works 
and operations of nature, on this globe. 

1 fear, I fiiall be thought to have treated the quellion in too dif- 
fufive a manner. I have not, indeed, laboured to be concife. But 
if the memoir is more estenfive than was neceffary, I flatter myfelf, 
it will be admitted that it, at lead, contains fome new and tntereft- 
ing fa^ls* 1 fubmit it to its fate. B. S. B. 

This interetVing paper has been deferred from the preflure of otheu 
matter of more immediate and temporary claim. W. N. 


many 
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many of the fubjefls of theii fcience ; the credolfty which has 
*£Ccompaniednhem in their refearcbes after truths and the pre- 
cipitancy with which they have decided upon nmny quettioAs 
of importance, are proofs of this affertion. 

There is a queflion in natural bidory that has, in an efpecial Fifclnatiiii by 
manner, folicited from me thefe obf^rvations. I mean Ibe 
quedion concerning the fafcinating faculty, which lias been 
afcribed to different kinds of American ferpents. It is my 
intention to examine this queflion, in the memoir which 1 now 
prefent to the Philofophical Society. 

Of this fafcinating facally we have all beard and read# In 
many of our country fituati'ons, there is hardly a man or a 
Womani who will not, when the fubjedt comes to be men- 
tioned, farioufly relate fome wonderful dory, as a convincing 
proof of the doarine. Children feem taught to believe it. 

I think, it is fomelimes one of the earlied prejudices im- 
printed on their tender minds. It is a prejudice which often 
increafes with their years ; and even in that happy period of 
life when the mind is mod firm, and the lead propenfe to the 
belief of extraordinary things, the ways of which we are not 
capable of fcanning, I have known this prejudice fo deeply 
and fo powerfully rooted, as to mock the light and furenefs of 
fa^s, and all the drength of reafoning. 

It is not ray intention, in this memoir, to give an analyfis, or Examination vf 
complete view, of every thing that has been written o*' 
fubje^l. Nor is it my intention to examine the many dories, 
related by authors, in fupport of the fafcinating faculty bf 
ferpents. For the fird talk, 1 have not leifure ; and, as to 
the fecond, I fhould think my time ill employed in pointing ^ 

out the grois abfurdities which feem to conditule a neceflary 
part of many of thofe dories. I think it proper, however, to 
obferve, that I have anxioufly fought for, and have patiently 
perilled, the volumes of tales publillied in favour of the 
dodtrine which 1 mean to controvert. 

I aim at giving a general, though correct, view of the Censtaf vieWi 
quedion, uninfluenced by the bold aflerlions of ignorance, 
or by the plaufible conjedlures of fcience. In the invelliga- 
tion of the quelfion, 1 have fought for lads: thefe have been * 
my guides. I have diidioudy endeavoured to follow where 
they feemed to lead. Perhaps, they have led me adray. 

^ Tbe* 
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Other accounts 
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The manner in which the ruppofed fafeinating power of 
ferpentfi is exerted has often been relatod^ by different writerr*. 
I fliall endeavour to convey fome idea of the bufinejs^ in as 
few words as I can. 

The fnake, whatever its fpecies may be, lying at the bottom 
of the tree or buHi upon which the bird or fquirrel (its, fixes 
its eyes upon the animal whicli it defigns to fafeinate or en- 
chant. No fooner is this done than the unhappy animal (I 
ufe, for the prefenf, (he language of thofe who differ from me 
in opinion, on this fubje6l) is unable to make its efcape. It 
now begins to utter a inoff piteous cry, which is well known 
by Ihofe who hear it, and underhand the whole machinery of 
the biilinefs, to be the cry of a creature enchanted. If it is 
a fquirrel, it runs up the tree for a fliort diftance, comes down 
again, then runs up, and, iaftly, comes lower down. " On 
that occafion,’* fays an honefl but rather credulous writer *, 
it has been obfervc5, that the fquirrel always goes dowm 
more than it goes up. The fnake ftill continues at the root of 
the tree, with its eyes fixed on the fquirrel, with which its 
attention is fo entirely taken up, that a perfon accidentally 
approaching, may make a contiderable noife, without the 
fnake^s fo much as turning about. The fquirrel as before 
mentioned comes alw^ays lower, and at lafl leaps down to the 
fnake, whole mouth is already wide open lor its reception. 
The poor liitic* animal then with a piteous cry runs into the 
fnake^ jaws, and is f wallowed at once, if it be not loo big . 
but if its fize will not allow it to be fwallowed at once, the 
fnake licks it feveral times with its tongue, and fmoothens it, 
and by that means makes it fit for fwal lowing j 

It would be eafy to cite, from different authors, other ac- 
counts of the manner in which the enchantment is performed ; 
or, more properly fpeaking, of the conduct, or behaviour, of 
the enchanting and enchanted animals. But between thefe 
accounts, there is hardly a fpecific difference. There is con- 
Uderabie unity in all the relations that I have heard, or read» 

* Profeflbr Peter Kalm. 

f Travels into North-Aincrica j containing its natural hlftory,. 
and a circumdantial account of its pinntations and agiicultiue in 
general, See, See, vol. i. p. 317 Sc 318. Alfo vol. ii. p. 207, 208, 
209 & 210. Englifh Traiiflation. London : 1T70& 1771. 

' However, 
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However, tliofe who wifli to examine this part of the fubjed 
more fully, will, at leaft, receive fome degree of entertain- 
me^nt from the perufal of the many authors who have believed 
and alTertecl, that ferpents poflefs a power of fafcinating other 
animals. 

That the belief in the exigence of this power (hould have 
been fo general among the uninformed part of a people, ought 
not to be wondered at. The human mind, unenlightened by 
fcience, or by confiderable rededlion, is a foil rich in the 
weeds of fuperflilion, and credulity. It is ever prone to 
believe in the wonderful, even when this belief, as is often 
the cafe, brings with it fears, and cares, and mifery. The 
bondage of the mind in fiiperflitious credulity is great and 
heavy. Neither religion nor virtue can give it its freedom. 
This it obtains from fcience. How important, then, even in 
this point of view, is the enlargement of the mind by fcience! 

But it is, furely, a matter of fome aflonilhment, that this 
belief Hiould have been admitted, in all the fulnefs of its ex- 
travagance, by men of learning, of obfervation, and of genius : 
by thofe whp have the book of nature in their hands ; that book 
which will, in fome future and fume happier age, eradicate 
many of the prejudices which disfigure, and which mock the 
dignity of human nature: by clafiical fcholars, grown old in 
the diibelicf of fimilar fables, heightened and embellillied by the 
charms of poetry; and alfo by the infidel, who denies the 
authenticity of fcripture-niiracles, few of which, even though 
they were not fiiown to be truths, are more improbable than 
the imaginary fa6l which 1 am examining. 

I have fought to difeover the original, or faurce of this 
belief, I do not find any traces of it among the ancient writers 
of either Greece or R^me. I think, it is moft likely that no 
fuch traces can be found, lyucan, had ferpents been thought 
to pofTefs a fafcinating faculty in his age, and in the country 
in which he lived, would, probably, have availed himfelf of 
its exiftence, in his beautiful account of the march of Cato’s 
army through the Libyan-Defert*; and had fuch a notion 
prevailed in the earlier days of Lucretius, would we not find 
fome mention made of it in the poem De Rerum Natura, one 
of the finefi and moft varied productions of the human mind? 
Claflical fcholars may poflibly, however, difeover the dawn 

* Pharfalia, lib. IX. 

VoL. VII.— April, 1304. T gf 
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of this notion in Greek and Roman authors, unread by me. 
On this fubjedt, 1 have not puthed my inquiries as far as I« 
withed to have done. It is not unlikely that I may exarifine 
the queftion more curioufly, at fome future period. 

It is probable that in the mythology of Alia and of Africa, 
we (hall difcover fome traces of this notion, fo intimately 
connected with the fuperftitious credulity of a people, and 
even fo naturally arifing out of an imperfedl view of the 
manners of ferpenis. 

If we believe the Reverend Dr. Cotton Mather *, Mr. Dud- 
ley f , and other perfons, who had refided in North-America, 
we arc to look for the beginning of this ridiculous notion 
among our Indians. How far, however, this is really the 
cafe may, 1 think, be doubted. It is certain that, at prefent, 
the opinion is by no means univerfal among the Indians. 
Several intelligent gentlemeni who are well acquainted with 
the manners, with the religious opinions, and with the in- 
numerable fupertlitious prejudices of the Indians, have in- 
formed me, that they do not think Ihefe people believe in the 
notion in queftion. My friend Mr. John Heckewelder, of 
Bethlehem, writes to me, that he does not recoiled to have 
heard the Indians fay that fnakes charm birds; though he has 
frequently heard them fpeak of the ingenuity of thefe reptiles 
in catching birds, fquirrels, &c. Mr. William Bartram fays, 
that he never ' underflood that the nations of Indians among 
whom he travelled had any idea of the fafeinating power of 
fnakes J, On the other hand, however, a Mohegan-lndian 
told me that the Indians are of opinion that the rattle-fnake 
can charm, or bewitch, fquirrels and birds, and that it does 
this with its rattle, which it ihakes, thereby inviting the animals 
to defeend from the trees, after which bliey are eafily caught. 
According to this Indian, his countrymen do not think that 
the fnake, in any manner, accompliflies the bufinefs with its 
eyes. A Choktah-Indjan aifured me that the ratile-fnake does 
charm birds, &c. but he was honed; enough to confefs that he 

* The Phllofophical Tranfaftions, abridged, vol. v. part ii. 
fio*339. p. 162. 

^ Ibid. vol. vi* part iii. no. .376. p. 45. 

t MS. note, communicated to me by this iogeiuoui gentleman. 

did 
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did not know in wliat manner it does? it. The interpreter, j 
through whom I converted with this Indian, (aid that the (hake 
cnarms by means of its rattle. 

The veneration, or regard, which has been paid to Itie Some Nori^h- 
rattle-fnake by certain North* American tribes Teems, at firti ^ y^eucration 
fight, to favour the opinion, that thefe tribes attributed to for the laitle- 
this hideous reptile fome hidden power perhaps that of • 
fafeinating animals. Mr. William Barlram informs me, that 
the fouthern Indians, with whom he is acquainted, feem to 
hold the ratlle-fnake in a degree of veneration f . Mr. Hecke- 
welder fays that, to his certain knowledge, this reptile wag 
once held in particular efteem by the Delawares. He was 
feveral times prevented, by thefe Indians, from killing the 
rattlc-fnake, being told that it was their grand-father, and, 
therefore, muft not be hurt. At other times, he was told, he 
muft not kill thisfnake, becaufe the whole race of raltle-fnakes 
would grow angry, and give orders to bite every Indian that 
might come in their wayf. But, of late, efpecially among 
thofe Indians who have had conne6lion with the whites, thefe 
ridiculous notions have mouldered away, and our Indians, at 
prefenl, kill their rattling ** grandfather'' with as little cere- 
mony as the Elkemaux are faid to kill their parents in old- 
age. 

It is obvious, from contemplating the manners and the 
liiftory of nations, that a part of their religions, and a large ortheTruJious 

part of the fabrick of their fuperfiitious notions, have ari Ten fvftem grounded 

on fear. 

♦ Vis abdita. Lucretiusi 

•f MS. note communicated to me. 

X In my Hijiorical and Philofopbical Inquiry (not yet publilhcd), • 

I have colle61ed many fa6ls which Teem inconteftibly to prove, that 
the mythology, or fuperftilious religion, of the Americans is a 
fragment of that mythology whoTe range in ATia, and in Africa, has 
been fo extenfive. Poflibly, the veneration, or regard, which was 
paid to different kinds of ferpents in America did not originate in 
this continent, but had it'; foorce in Afia, from which portion of 
tjie globe (afier a long and laborious attention to the fubjeft) I can- 
not doubt, that almoft all the nations of Anicnca are derived* It 
is unnccffrary, in this place, to cite infiances of the religious vencra- • 
tion which was, and ftlll is, paid to fome Tpecies of ferpents, in 
various parts of the old-world. Thefe inftances muft be familiar to « 

every perfoji, who is acquainted with the hiftorians or with the 
poets of antiquity, and with the hlftoryof the Gentoo-Indics. 

Tif 
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out of fear. Perhaps, all mankind * admit the exiftence of 
two great beings, the one good and all-benevolent, the othjer 
bad and ftudioiis of evil: In our own continent, w|jere, I 
believe, this notion was univerfal, certain tribes wereaOiduous 
in their adoration of the latter being, whilft the former, whom 
the light of reafon taught them to confider as the fource of 
life, and all their bletlings, was merely acknowledged and 
named, but unworthipped and negle(5led f. The Delawares, 
and fome other nations who fpcak dialects of their language, 
believe that a turtle, of art enormous fize, inhabits the deep, 
and fupporls upon his back this continent, or, as they call it, 
ifland. They fay it is in the power of this animal, by diving, 
to drown the world, as he has already done, in former ages. 
They, therefore, endeavour to conciliate his triendthip and 
good-will. With this view, they make rattles of the fiirtle- 
(liell, into w hich they put fmall tlones, beans, or Indian-corn J, 
and play wilh this inttrument, at their dances. The turtle is 
greatly efteemed by them ; and, in the fulnefs of a mixed zc*a! 
and fear, they even deign to call him MaimiUo, or God . 
becaufe, they fay, he can live both upon the land and in the 
water §. 

itisnothkely Jt feems very probable to me, that (he veneration for the 
rated^the thake ^’^tde-fnake had its birth in fear, and not in the belief that this 
from a belief of reptile poflefled the power of fafeinating animals. If, as fome 
its fafeination. writers have afferted, the Indians were in polletTion of ahfolute 
fpecifics for the bite of the rattle-fnake, I am of opinion that 
the veneration for this animal would not have exiflecl ; or, at 
leafl-, that it would not long have ( ontinuvd. But /!iv Indians 
are often unable to prevent or to cure the etfects of the a6live 
poifon of this ferpent, which not iinlieqiiently dedroys them |). 

* 1 return 

^ I fpcak of mankind in the aggrcg ite, and not of individuals 
among them. 

f John De Laet, fpeaking of the Indians of New- York, has 
the following words: “ Caeterum nullus iplls religionis fenfus, 
nulla Dei veneratio: diaholiim cjuidcm colunt fed non tarn folemniter 
neqiie certis ceremoniis, ut Atricani faciiint," &c. Noviis Orbis 
, feu Deferiptionis Indas Occidcntalis Libri xvtii. lib. iii. cap. xi. 
p. 7i. Lugd, BatiV. 1633. 

J Maize. 

, § MS. by Mr. John Heckeweltler, penes me. 

II Adair fays, he does “not lemeinber to have feen or heard of 

an 



ASCRIBED TO THE RUTTLE-SNA K£. 


*77 


I return to the more immediate path of my fubjedt. 

Among the Indians of South-Americai I do not find any 
traces of the notion that ferpcnLs can fafcinate other animals. 
Pifo, tlie author of the Natural and Mcdiad Hiftoiy of the two 
Indies, feeins to have been fiudious to bring together the ex- 
traordinary things which have been related of the rattle-fnake. 
But he fays not a fyllable concerning the fafeinating faculty of 
this reptile 

But whatever may have been the native country of the 
notion which I am confidering^ it would have been well had 
it been confined to favages. It is a tale which feenis nicely 
adapted to the wit and fociety of rude and uncultivated nations. 
Unfortunately, the progrefs of error and credulity is extremely 
rapid. Their dominion is extenfive. The belief in the taf- 
cinating faculty of ferpents has fpread through almofl all the 

Indian dying by the bite of a fnake, when out at war, or hunting 5 
although they are then often bitten by the moft dangerous fnakes.’' 
^he Hiftory of the American Indians, &c. p. 235. London: 1775. 
It is certain, from the tellirnony of many perfon«, that the bite of 
the rattle-fnake has often proved mortal to the Indians, and others, 
iiotwiiliftaiiding the boafted fpecifics of thefe people. Father Caje- 
tan Cattaneo fays, many Indians die with the bite of ferpents. 
** But,” obferves the father, it is faid they commonly efcape with 
life, when they can cjulckly apply the remedy which providence has 
prepared of certain herbs, tfpccially the fpikenard, which fome parts 
of Paraguay produce in plenty. But when they are bit by the 
rattle-fnake it is confidently aifured that the cafe admits no cure.” 
The third li tter of F. Cajetan Cattaneo, See A Relation of the mijfions 
of Paraguay, ^rote originally tn Italian, by Mr, Muratori, Englifli 
Tranflation. p. 260. London: 1739. Father Cattaneo is here 
fpeaking of the South-Ainerican rattle-fnake, the poifon of which, 
I have little doubt, is more deleterious than that of the fame animal 
in our part of North-America. Still, however, 1 am confident, 
that this poifon, even in the moft fervid climates, is not always 
mortal. 

Gulielmi Pifonis medici Amftelaedamenfis de Indiae utriufque 
re natural! et medica libri quatuordecitn. Amftelaedami : apud 
Elzevirios, 1658. Some of Pifo'saftertions concerning the rattle- 
fnake are very extravagant. Such are the following: “ Caudse ex- 
tremitate in anum hominis immifta, mortem infert confeftim ; ve- 
nenuin autem quod ore vtl dentibus infundit, multo Icntius yitain 
tollit.’'p.275. 


The South 
Amei leans do 
not poHt fs tins 
notion. 


hut It has ipread 
over all America 
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civilized parts of North- America. Nor is it confined to 

America. It has made its way into Europe, and has th^re * 
taken pofTenTion of the minds of fcholars, of naLuraIifis,^^and of 
philofophers. 

Jt ifi faid that I think, I have fomewhere either heard or read that the 
lieved^!t"^° BuV credited by the late Dr. Samuel Johnfon. If I am 

he was crcdu- * miftaken, I hope the admirers of this great man, fliould any of 
lous, timid, and rg^d my memoir, will pardon me. It is certain, not- 

withllanding the vaft flrength and the rich fertility of John^on^s 
mind, that he was credulous and timid. Did this union of 
credulity and timidity arife out of that unhappy melancholy 
(“ thofe cafual eclipfes which darken learning'',) that often 
overclouded the brightnefs of the mind * ? We are told that 
the Hercules of Englifh literature believed in ghofts, and in 
the fecund-fight. The man who would thus fuffer his mind to 
be eflranged from probability, and entangled in difficulties, 
would, perhaps, find it eafy to bend to the belief, that fer- 
pents have the faculty of fafcinating other animals. 

LInnKus admits Although I profefs myfelf to be a warm admirer of Linnaeus, 
and although, at a very early period of my life, I enliftecl 
myfelf under the banner of his fchool, I fliall not, nevertbelefs', 
attempt to conceal, that this great man gave credit to the tale 
of the fafeination of birds and other animals by ferpents. Jn 
his Syftema Natures (that immortal work), under the article 
Crolalus horridus, or the rattle-fnake, he has the following 
words : “ Aves Sciurofque cx arboribus in fauces rerocflt."f. In 
another work, he fpeaks as follows. '' Wlioever is wounded 
by the Hooded Serpent (Coluber Naja) expires in a few 
minutes; nor can he efcape with life who is bitten by the 
rattle-fnake, (Crotalus horridus) in any part near a great vein. 
But the merciful God has diflinguiflied thefe pefts by peculiar 


♦ Or, did his melancholy grow out of his credulity and fear? 
f See volume firft, p. 372. Vienna edition of 17()7. ProfefTor 
Gmelin, in his edition of the Syflema Natura, when fpeaking of 
the rattle-fnake, has the following words, viz. a^ves feiurique ejt 
arboribus non raro in fauces inhiantis apertas incidunt," tom. i. 
pars iii. p. 1080. The fame laborious author fpeaking of ourgrey- 
fquirrel (Sciurus cinereus) fays, ” a crotalo comeditur,” tom. i. 
p. 147. This is true ; but he might have faid the fame when fpeak- 
• ing of the ftriped-dormoufe, or ground -fquirrtl (Sciurus ftriatus)| 
ct our rabbit (Lepus americanus), and many other animals. 
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iigns, and has created them moft inveterate enemies ; for as 
he has appointed cats to deftioy mice, fo has he provided the 
Ichneumon (Viverra Ichneumon) againik the former Terpen His account, 
and tfiie Hog to perfecule the latter. He has moreover given 
the Crotalus a very flow motion, and has annexed a kind of 
rattle to its tale, by the motion of which it gives notice of its 
approach ; but, left this flownefs fliould be too great a dif- 
advantage to the animal itfelf, he has favoured it with a certain 
power of fafeinating fquirrels from high trees, and birds from 
the air into its throat, in the fame manner as flies are precipi- 
tated into die jaws of the lazy toad.^^* 

Linnaeus was, certainly, extremely credulous, though 1 It is certain that 
do not find that any of his profefled biographers have taken 
notice of this feature of his mind. But the proofs of my ob- 
fervation are numerous: they are to be found in almoft every 
eflay that he has written. His credulity with refpedl to the 
powers of medicines is, perhaps, peculiarly ftriking f. How 
far this credulity, in a mind otherwife truly great (a mind which 
with refped to the arrangement of natural bodies has never 
been equalled), is to be fought for in the general chara6ler of 
the country which gave Linnxus birth, I fliall not paufe to in- 
quire. Yet in an inveftigation of this kind, where the opinion 
of the Sw'edifli Pliny is neceffarily mentioned, it might be 
curious to look to the fources of his credulity. The ftudy of 
nature, as it refpefts this globe, is, perhaps, of all the fciences^ 
the moft unfavourable to fuperftition, or credulity. But the 
greatell of naturalifts was one of the moft credulous of philofo- 
phers. 

It is proper, however, to obferve, in this place, that Lin- He never wai 
nxus by no means aflerts, that he himielf had ever been a 

o 

* See Reflexions on the Study of Nature, tranflated from the 
Latin of Linnaeus, p. 33&34. Dublin edition, 1786*. Dr. I. E. 

Smith, the ingenious tranflator of this diflcrtation, in a note to the 
above paflage, has the following words. ** This opinion of the 
fafeinating power of the Toad has been refuted, and the appear- 
ance which gave life to it fully accounted for, by Mr. Pennant, in 
his Britifh Zoology. Probably the ftory of the rattle- fnake’s having 
a fimilar power might be found equally falfe, if enquired into with * 
the lame degree of accuracy.” p. 34. 

‘f See his Materia Medica, liber* i* de Plantis, &:c* Amftelse« • 

dami: 1749* 

witneff 
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lii^itnefs to the fafcinating power of any of the ferpent- tribe. 
He feeros to have received the tale from fome of his many 
pupils, whom he animated with the love of natural hiftoi^y 
It is probable that Kalm, whom Linnaeus quotes upon ^rious 
occafions, and whom he could not but efteem, principally con- 
tributed to fix his illuftrious inafter’s credulity in this refpe^l ; 
for, in different parts of his Travels, this induflrious author 
has given his decided affent to the tale; and he informs us, 
that he has treated of the fame fubjefl, more fully, in a treatife 
wl)ich is printed in the Me7noirs of ihe Royal Swedijh Academy 
of Sciences, for the year 1753 *. 

Sou'll > Kalm is candid enough to tell us, that he never faw an in- 
ports^t, ^ fiance of the fafcinating power of the ferpent-kind. "How- 
ever,^' fays he, " I have a lift of more than twenty pcrfons, 
among which are fome of the moft creditable people, ivho have 
all unanimoufly, though living far diflant frpm each other, 
afferted the fame thing f/' He then goes on to tell us a long 
flory, fimilar to that which I have related, in the beginning 
of this memoir, and w'hich, therefore, it is not neceflkry to* 
repeat, in this place. 

and fpeculatcs Our author is not content to make mere mention of the fa61 ; 
upon It. undertakes to fpeculate upon it. And here, although a 

talent for ingenious reafoning is, certainly, not the moft ftrik- 
ing feature that is difplayed in the Travels of Kalm, he acquits 
himfelf, for fome time, very judieioufly ; but (polls all he has 
faid, by concluding, (hat the bird or fquirrel " are only cn^ 
chanted, whilft the fnake has its eyes fixed on ihcm.J*' He 
allows that “ this looks odd and unaccountable, though,” 
fays he, ** many of the worthieft and moft reputable people 
have related it, and though it is fo univerfally believed here,” 
that is ill New-Jerfey, Sic. ** that to doybt it w ould be to ex- 
pofe one’s felf to general laughter §.” 

Several American wTilers have adopted the notion, that 
fnakes are endued with a fafcinating faculty. Fearful that 
their authority may extend the empire of this error, I have 
been the more anxious to offer my fentiments on the fubjedl to 
the fociety (). 

It 

i 

* Travels into North-America, &c. vol. i. p. 318 & 319. 

+ Ibid. vol. ii. p. 207 &208. 

X Travels into North- America, &c. vol. ii. p. 210. 

§ Ibid. 

|| Speaking of the rattle-fnake, my worthy friend Mr. William 

Bartram 
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It has given me pleafure to find, that the enchanting faculty Refpedlable 
of the rattle-fnake is doubted by fome very refpedable Euro- ^'Jalfftrdoubt 
pean naturalifis. It is difficult/^ fays my excellent friend it. 

Mr. I^ennanti to fpealc of its fafcinating powers : authors * 
of credit defcribe the effedts. Birds have been feen to drop 
into its mouth, fquirrels defcend from their trees, and leverets 
run into its jaws. Terror and amazement feem to lay hold on 
thefe little animals : they make violent efforts to gdt away, Bill 
keeping their eyes fixed on thofe of the fnake; at length, 
wearied with their movements, and frightened out of all 
capacity of knowing the courfe they ought to take, become at 
length the prey of the expedting devourer, probably in their 
laft convulfivc motion f.'* 

My friend Mr. de la Cdpede, one of the moft eloquent na- The fubjeft 
turalifls of the age, has devoted a good deal of attention to the ** 

fubjedl, in his Hijioire Naturdle des Serpens, a work of extenfive 
and fuperior merit. 1 regret, however, that this ingenious author 
was not in pofleffion of a few fadls, well known in this coun« 
try, which could not have failed to condudt a mind, like his; 
llrengthened by the enlarged contemplation of the objedls of 
nature, to the fulnefs and certainty of truth. As it is, how- 
ever, Mr. de la Cdpede deferves our thanks for reviving, and 
giving a new turn to, the fpeculations of naturalifis on this 
lubjedt. 

Bertram fays ; “ They are fuppofed to have the power of fafeina- 
tion in an eminent degree, fo as to inthral their prey. It is generally 
believed that they charm birds, rabbits, fquirrels, and other animals, 
and by (ledfaftly looking at them, pofTefs them with infatuation j be 
the caufe what it may, the miferable creatures undoubtedly ftrivc by 
every pollible means to efcape, but alas ! their endeavours are in 
vain, they at laft lofe the power of refiftance, and flutter or move 
flowly, but rcluftantly towards the yawning jaws of their devourers^ 
and creep into their mouths, or lay down and fuffer themfclves to 
be taken and fwallowed.” Travels through North and South 
Cardinia, Georgia, £aft and Weft Florida, &c. p. 267. Phila- 
delphia; 1791, 

* “ Lawfon— Catefby— Ph. Tr. abridg. ix. 56, &c, vil. 410. — 

Bnckel's Hift. Carolina, 144.— Beverley Virginia, 260. — Golden, ^ 
i. 12. Dr. Brickel is an author of no credit. His HiJIory of North* 

Carolina, here quoted is one of the moft daring and fcandalous in- 
ftances of plagiarifm I am acquainted with. ^ 

t Arftic Zoology, vol. ii, p. 338. London : 1792* 

I beg 



•988 


OK THB FASCINATING FACULTY 


His account. 
Suppofition of 
infe^ioii in the 

Weath. 


Fafcinating pro- 
perty fuppoicd to 
arife from this 

caufe. 


Or that the 
anima! nuy ha\e 
been already 
biuen. 


t beg leave« in this place, to quote that part of Mr. de la 
C^pi^de’s work which relates to the queAton of my memoir. 

Speaking of the boiquira, or rattle-fnake, my ingenious 
friend has the following words : '' His infe6lious breath, 
which fometimes agitates the little animals he is about to 
feize, may alfo prevent iheir efcape. The Indians relate, 
that a rattle-fnake is often feen, curled round a tree, darting 
terrible glances at a fquirrel, which after expreffing its fear by 
its cries and its tremour, falls at the foot of the tree, where it 
is devoured. Mr. Vofmaer (at the Hague), who has made 
feveral experiments on the bite of a rattle-fnake, which he 
had alive, fays that the birds and mice, which were thrown 
into the cage, would immediately endeavour to fquat in a 
cotner,' and that foon after, as if feized with deadly anguifli, 
they would run tow^ards their enemy, who continually (hook 
his rattles : but this effedl of a mephitick and fetid breadth 
has been fo much exaggerated, and mifreprefented, that it 
becomes miraculous. 

It has been faid,^’ continues our author, ** that the ratile- 
' fnake had a faculty of enchanting, as it were, the animal he 
intended to devour ; that by the power of his glance, he could 
oblige the vi6tims to approach by fmall degrees, and finally to 
fall into his mouth ; that even man could not refiA the magic 
force of his fparkling eyes ; and that under violent agitations 
he would expofe himfelf to the envenomed tooth of the ferpent, 
inAead of endeavouring to efcape. If the rattle-fnake had 
been more generally known, and if his natural hiAory had en- 
gaged more attention, other circumAances, Aill more extraor- 
dinary, would have been added to thefe miraculous feats ; 
and how many fables would not have been fubAltuted to the 
Ample effe£l of a peAilential breath, which, however, has by 
no means been either fo frequent or fo fatal as fome naturallAs 
have believed. 

We may prefume, with Kalm, that, for the moA part, 

’ when a bird, a fquirrel, or any other animal, has been feen 
precipitating itfelf from the top of a tree into the jaws of a 
rattle-fnake, it had been already bitten*; that after efcaping, 

it 

* I do not And that Kalm has adopted this fyftem of explanation, 
ii^ Ins I'ravels, On the contrary, in this work, he gives fbmc 
judicious reafons for reje^ing this mode of explanation. Tra*veis, 

' l(C. 
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manifeftedi by its cries and its agitation, the violent adion of 
the poifon left in its blood, and diffufed through its circulation, 
by the envenomed inoculation of the reptile’s tooth ; that, its 
ftrength gradually decaying, it would fly or leap from branch 
to branch, till Anally exhauiled it would fall before the ier- 
pent, who with inflamed eyes, and eager looks, would watch 
attentively every motion, and then dart on his prey, when it 
retained but a fmall portion of life. Several obfervations re- 
lated by travellers, and particularly a fa£t mentioned by Kalm, 
appeared to conArm this*/’ 

From this long quotation, it appears that Mr. de la C^pdde 
adopts two modes, or circumflances, for explaining the mira- 
culous power, which has been attributed to thefe ferpents. 

'I'he explanation is, undoubtedly, in both cafes, ingenious, 
and entitled to notice. I (hall examine the queflion with that 
attention which it deferves. 

In the Arfl place, my learned friend fuppofes, that the rattle- 
fnake’fi infe6lious breath f , by agitating the little animals which 
it means to devour, may prevent their efcape. 

I do not altogether underfland this expreffion of an infec- Obfcrvatlon to 
tious breath. I do not think that we are in polTeflion of any cmft 
fa61s by which it can be proved, that the breath of the rattle- any oft'enAve 
fnake is, in general, more infedtious, or pefliferous, than that 
of many other animals, whether of the fame or of a different 
family. 1 know, indeed, that in fome of the larger fpecies 

&c. vol. ii. p. 209 &210. His memoir, in the Snvedijb Tranfailions^ 

1 have not ieen. Sir Hans Sloane, a long time fince, conjectured, 
that the whole myftery of the fafcinating faculty of the rattle-fnake 
is this, viz. that when fuch animals as are the proper prey of 
thefe fnakes, as fmall quadrupeds, birds. See. are furprifed by them, 
they bite them, and tKe poifon allows them time to run a fmall way ; 
or perhaps a bird to fly up into the next tree, where the fnakes 
watch them, with great earneftnefs, till they fall down, or are per- 
fectly dead, when having licked them over with their fpawl or 
fpittle, they fwallow them down.** Philofopbical Tranfa&ions^ 
vol. xxxviii. no. 403. M. de la Cepede does not appear to have 
feen Sloane's paper; 

* Hiftoire Naturelle des Serpenf, p. 409, 410 & 411. a Paris;* 

1789. 

f His words are, ** Ton haleine empeflee, qui trouble quelque- * 

fois les petits animaux dont il veut fe faiAr, peut aulli empuher 
qu'ils ne lui echappent.'* p. 409* 


of 





ind others to 
ihow that they 
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ON The fascinating facuaty, &c. 

of ferpents^ inhabiting South- America^ and other counlriesj 
there is evolved in the flomach^ during the long and tediojis 
procefs of digeflion in thefe animals^ a vapour, or 9 gas, 
whofe odour is inlenfel)^ felid. I have not, however, found that 
this is the cafe with the ratlie-fnake, and other North-American 
ferpents, that 1 have examined. But my own obfervations on 
this head have not been very minute. I have made inquiry of 
fome perfons (whofe prejudices againft the fcrpent-tribe are not 
fo powerful as my own), who are not afraid to put the heads 
and necks of the black-fnake, and other ferpents that are 
deflitute of venomous fangs, into their mouths, and have been 
informed, that they never perceived any difagreeable fmell to 
proceed from the breath of thefe animals. I have been prefent 
at the opening of a box which contained a number of living 
ferpents ; and although the box hgd been fo clofe as to admit 
buta very fmall quantity of frefh air, although the obfervation 
was made in a fmall warm room, 1 did not perceive any pe- 
culiarly difagreeable effluvium loarifc f rom liie bodies of thefe 
animals. I am, moreover, intormed by a member of this 
fociety who, has, for a conliderable time, had a rattle- 
fnake under his immediate care, that he has not obferved 
that any difagreeable vapour proceeds from this reptile. On 
the other hand, however, it is averted by lome creditable 
perfons of my acquaintance, that a moA oJicnfive odour, 
iimilar to that of fleffl, in the laft Aage of putrufaftion, is 
continually emanating from every part of the rattlc-l'nake, 
and fome other fpccies of ferpents. Thi». odour extends, 
under certain circumftances, to a confiderable diftance from 
the body of the animal. Mr. Wdliam Bartram alfures me, 
that he has obferved “ horfes to be fenlible of, and greatly 
agitated by, it at the diAance of forty of Afty yaids liom the 
liiake. They Aiowed,*' he fays, their abhorrence, by 
fnoiting, winnowing, and Aarting from the road, endeavour- 
ing to throw their riders, in order to make their elcapef.*' 
This fa£t related by a man of ligid veracity, is extieraely 
curious; and, in an efpecial manner, deferves the attention 
of thofe writers, who, like Mr. de la Cdpcde, imagine that 
this fetid emanation from ferpents is capable of aAfeding birds, 

* Mr. Charles Wilfon Pealc. 

^ MS. note, communicated to me. 
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at fmall diftances, with a kind of afphyxy It even gives 
fome colour of probability to the (lory related by Metrodorus, 
and preferved in the Natural Hiftory of Pliny f* 

(To be continued,) 


VIII. 

ExtraB of a Letter from BrugnateUi on the Pruffiateof Potajk, 

and on the Preparation of a fulminating Muriate of Silver.*^ 

If alcohol be poured into a folution of pruffiate of potaHi Alcohol 
(oxiprufliate of potaflij the liquor becomes turbid, and apre- tatc'^in folution 
cipitate is depofited iu the form of fmall and very brilliant prulTute of 
lamellzc, refembling the fublimed boracic acid (oxiboracic.) fm^iKcahesrlld! 
Coliefling this precipitate on a filter, and drying it, the fcales heringtocach 
adhere to one another, and form a ftratura of a (hining yellow- 
i(li white, like that of mother-of-pearl. This mafs eafily fe- white, folubic 
parates from the filter; is foluble in fulphuric acid (oxifulphu- ac,d^*^and*this 
ric), and this foluti6n takes a blue colour on the addition ol Solution is turn- 
water. Expofed (o the fire in a crucible, it fwells, burns, and ^’1“^ 
leaves a coally refiduum, containing a great deal of iron, at- jt, coalty refi- 
traflable by the magnet and potafii. This coally refiduum, cun taini 
treated with acids, gave out a ftrong fmell of fulphurated lit- m«gn*etic*tron/ 

drogen gas (gas phlogogcne falfur6.) ;«ndpt>tafh; 

and with acids 
fmclls ftrongly 

I have applied the procefs I mentioned to you in my lafl to hldrogcn 
a great number of other metallic oxides (thermoxides), in hope 
of rendering them fulminating; but I fucceeded with none, « 
except that of filver. 

Take a hundred grains of lunar caufiic (fufed oxifeplonate On loo grains 
of filver) in powder, put them into a beer glafs, and pour on yer^p^wdered^*** 
them firfi an ounce of alcohol, and then as much concentrated was formed lirft, 
nitrous acid (oxifeptoneaux,) The mixture grows hot, enters 
into a Itate of ebullition, and an ether is vihbly formed, that j ounce, 
changes into a gas. By degrees the liquor becomes milky and As foon as the 
opake, and is filled with fmall and very white clouds. When [^p^gtcly 
all the gray powder of the lunar cauflic has taken this form, formed, water 
and the liquor has acquired a confiftency, diftilled water muft ihe^recrpU 

^ > rate dried ina 

* Hiftone Naturelle des Serpens, p. 355. filter, 

+ Lib. xxviii. cap. 14. 

I Van Mons's Journal, IV. i?35. 

be 





APPLICATIOK or PLATINA ON PORCELAIN. 


be added immediately^ to fufpend the ebullition, and prevent 
the matter from being rediflblved, and becoming a mere fohi- 
tion of lilver. The white precipitate is then to be co^iefted 
on a paper filter, and dried. 

Its weight more This precipitate is fulminating filver, and amounts to more 

Sd"tonaus'"** half the weight of the lunar caullic employed. The de- 

morc ftrongly tonating power of this preparation greatly exceeds that of ful- 

chu fuhni- minating mercury, prepared in Howard^s or my way, even in 

nating mercury, , r ‘^ - ,1 1 

being touched much fmaller quantity. It detonates in a tremendous manner, 

withaglafs on being fcarcely touched with a tube of glafs, the, -.extremity 
Sulphuric acid, which has been dipped in concentrated fiilphuric acid 

fulfiirique) , even in that of the fliops. One grain of this ful- 
minating filver, placed on a lighted coal, gave fuch a loud re- 
placed on a port, that it deafened the ears of the perfons prefent. The 
or thing happens on placing a little of the fame preparation 

fpark drawn on an eledric pile, with the interpofition of a bit of paper, and 
through It from drawing a fpark from its centre by means of a flip of metal. 

The paper will be either pierced or torn. . 


IX. 


Of the Application of Platina or Porcelain, By KiApROTH.f 

Platiiu never PlATINA, as far as I know, has never yet been employed 

porcdaln ^ in encauflic painting. Accordingly I thought it not amifs, to 

make fome experiments on the fubjed, the refult of which 
did not deceive my expedations. 

Gold and filver Gold and filver are the only metals, that have liitherto been 
uW indi^s^ay in the metallic form in painting or ornamenting por- 

in the metallic celain, glafs, or enamel. Gold anfwei*.* this purpofe fo com- 
M?gold anfwcrs it leaves nothing to bedefired: but filver is far 

completely, from affording equal fatisfadion; As it is of lefs denfity than 
but filver dMs cannot be ufed fo thin, and does not cover the porce- 

ground fowell, lam or Other fubltance 10 well. Another rcalon why it is lets 
to applicable to the purpofe of painting on porcelain is its property 

' of having its metallic iufire tarnifhed by fulphurous emanations, 

all kinds of which blacken it. This unfavourable circum- 
llance prevents filver from being employed in fine enamel 
painting, and confines the ufe of the metallic fubfiances in that 
only to gold. 

* Abridged from Scherer's jQt$rnal dcr Cbimie^ IBOSt No. 4. p. 41 J. 

5 Platina 



AFTLICATION «F FLATINA ON PORCELAIN. jJgY * 

Plaiina in its qualities ranks with gold, and by its whitenefs Platina imltatei 
fupplies the place of lilver, without labouring under its de- 
fects. It not only covers (he ground well by its denfity, which having its dQ. 
even furpalTes that of gold ; but like this it refills all the alter- 
nations of the atmofphere, and is not any way tarnifiied by ful- 
phurous effluvia. ^ 

The procefs for applying it is very fimple. Plaiina is dif- Procefs of 4 i|pii 
folved in nitro-muriatic acid, and precipitated by a folution of 
muriate of ammonia. The red cryflalline precipitate formed 
k to be dried, reduced to a fine powder, and made (lightly red 
hot in a glafs retort. The muriate of ammonia, which had 
precipitated in combination with the platina, fublimes ; and 
the metal remains at the bottom of the retort, in the form of 
a light, gray powder. This powder being mixed with a fmall 
proportion of flux, as is done with gold, and ground with oil 
of fpike, is to be applied to the porcelain, put into the fur- 
nace, and afterwards burnifhed. 

Platina applied on porcelain in this manner, is of a filver it refembtet 
white, flightly tending to the gray of fleel. By alloying this **1^®** 
metal in different proportions with gold, different fliades of GoW in 
this colour are obtained. Platina admits a confiderable quan- proportion! 
tity of gold, before its colour undergoes any perceptible change but*?oe8^not*^** * 
to yellow. For example, if one part of platina be alloyed render it per- 
witli four parts of gold, the prefence of the latter cannot be ^***®'^» 

perceived, and the colour fcarcely differs from that of pure of gold be added 

platina. The colour of the gold does not predominate, unlefs 
r , . , f • 1 ^ the gold 

It be in the proportion ot eight to one. lour docs not 

The alloys of platina with filver give only a dull metal. predominate, 

Belide this method of applying platina to porcelain, it may proMigion 
be laid on in the (late of folution. In this way its colour, luftre, of 8 to i. 
and appearance, are wery different. If the nitro-muriatic fo- ver^g"Je*adull" 
lution of platina be evaporated to a certain con fiflence, and alloy, 
laid on the porcelain feveral times, the metal penetrates into 
its fubftance, which, after it comes out of the furnace, exhi- plied in folu?" 
bits a metallic mirror of the colour and brilliancy of poliflied * . 

- I J r jjp 

iteel* Tcral coats be 

laid on, pene- 
trsitea the fob- 
ftance, and pr(|» 
duces a mirixnr 
refembling * 
s politbed fteeb 
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X. 


AbftraSt qf a Memoir on Galvanifm, fent to the National Injii- 
tute by ’Mr.RiTTKK, of Jena,f 

Brman difcover- T'o form a juft idea of thefe refearches, it is neceftary to 
perfca coT-*"'” ^ difcovery made by Mr. Erman of Berlin, about 

duftor iVould two years ago, and fince repeated by Volta before the galva- 
take^ the elec- nic committee of the Inftitute. 

infufatcdT^le" an eledlric pile, the fuperior pole of, which is pofitivr, 
and become (he inferior negative, be infulated, and a communication 

onr^end'+,^ the made between thefe two poles, by means of an imperfcd 

other—. condudor, as for inftance, a flip of paper wetted with pure 
water would be for fuch fmall quantities of electricity ; each 
moiety of this flip would take the eledricity of the pole with 
which it communicated; the upper part would be pofitive, 
the lower negative. 

Now let us conceive this imperfed condudor to be removed 
by an infiilating fubftance, as a glafs rod: the equilibrium be- 
I tween the two extremities will not be reftored inftantaneoufly, 


If this be re- 
moved by a 
glafs rod, its 

equilibrium will ' . . r r 

not be reftored but they Will remain polilive and negative for tome time, as 

when they communicated with the two poles of the pile. 

This difference will gradually diminifli in proportion as the 
oppofite eledricities recombine, and their adion, being neu- 
tralized, will foon become altogether imperceptible. 

The fundamental experiment of Mr. Ritter is precifely re- 
ducible to thi^j; he merely fubftitutes for the flip of paper, a 
pile compofed of ditks of copper and wet pafteboard. This 
pile, incapable itfelf of fetting eledricity in motion, at leaft if 
alternate pieces, fuppofe all its component parts hoinogeneal, is charged by 
communication with the pile, like the flip of wet paper above- 
mentioned. 

Weak elcarici- effential difference in the refults. It appears 

ty, like light, that eledricity, when weak, experiences, like light, a kind of 
difficulty in pafl'i ng from one furface to another: at leaft this 
feems to follow from the experiments of Mr. Ritter, as hehim- 
felf obferves. The eledricity introduced into the pile made 
with one metal alone, experiences therefore fome refift^nce in 


at once ; 
but gradually. 


For this Mr. 
Ritter fubfti- 
tutes a pile of 
copper and wet 
paftef^i'rd in 


does not pafs 
ficely from one 
furface to 
another. 

Hence Mr. 
Ritter's pile 


for"^*me pafling froqi the metal to the pafteboard ; and this obftacle in- 


* Bulletin des Sciences, No, 79, p. 145. Odober, 1803. 

treafes. 



OK OaLVANISM. 


m 


creafes, in proportion as the alternations are more numerous* 

^Accordingly, this pile, when once charged, mud lofe it§ elec- 
tricity very flowly, if there be no communication between its 
poles. 

Bat if a communication between its two poles be eftablilhed, i commu* 
by means of a good condu6lor, the current of the two elec- between its poles, 
tricities and their combination, taking place fwiftly, will pro- ^hen it will 
duce adifeharge, which will a<5l, as in the Leyden phial, by fike *t£*Leydea 
an inftantaneous flioclc. To this elfedt a new date of equili- phuU 
briutn will fucceed, in which the intenfities of the different 
plates will be diminiflied in proportion to the quantity of eleo- plates will be 
tricity that is indantaneoudy neutralized. Thefe difeharges J-'ij*'by^cpcated 
mud therefore be reiterated; but growing feebler each time, as difchiics, each 

the contadls are repealed : but they will foon ccafe to be per- weaker and 
• ^ ^ the 

ceplible, in confequence of the general equilibrium they tend equilibrium is 

to redore between all the parts of the apparatus; in a word, reftored. 

the a6lion of this pile depends on its becoming alternately a *** 

better and worfe conductor, according as the two extremities 

are made to communicate with each other or not. 


As to the mode in which the eledlricity difpofes itfelf, it mud The eleArlelty 
be fuch, that the rcpulfive power, or intenfity of each plate, 
combined w'ith the reddance of the furfaces, mud counter- nothing In the 
balance the united adions of all the reft. In confequence, 
the plates of metal be an uneven number, and the whole ap- top ** 
paratus infulated, the intenfities will diminiffi uniformly from and nothing 
the two extremities, where they will be equal and contrary, as communicates 
in the primitive pile, to the centre, where they will be null : with the ground, 
but if the bafe of the pile have a communication with the 
ground, the intenfities will increafe throughout the whole of ^ 


the pile, from the bottom, where they will be null, to the top, 

where the) will equal that of the primitive pile. 

The apparatus jud deferibed, which Mr. Ritter calls a fe- This fecondary 

condar) pile, produces ffiocks, the decompofilion of 

and all the other phyfiological or chemical eflcds obtained from the common 

the common pile, but with lefs intenfity. By varying theP'*®* 

number and order (»F the difks of padeboard and copper, Mr. 

Ritter obtained feveral intereding refults. Thus he obferved. The fewerthe . 

that of all the modes, in which a certain number of heteroge- alternations, the 

I L ipeeqiiy 

ueous condudors could be difpofed, the arrangement that has the e\e^riciry • 
lead alternation is mod favourable to the propagation of ele<?- fft'ws off, 
iricity. For in fiance, if a pile be confiruded of fixty-four 
VoL. VII.— Apiul, 1801.. U platcii * 
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plates of copper, and lixty-four pieces of wet pafteboard, 
difpofed in three pai‘cejs, all the pafteboards being placed to- 
gether in the middle, and thirty-two plates of the n\etal at 
each end, this pile will conduct the electricity from Volta^s 
and the con- very freely, and confequently charge itfelf very little. If the 
trary* feries of wet conductors be interrupted by a fingle plate of cop- 

per placed in the midft of them, the conducting power will 
diminilli; more frequent interruptions will enfeeble it ftill more; 
and thus by increafing the number of interruptions we arrive 
at a feries, in which the conducting power will be fcarcely per- 
Though weak ceptible. Thefe phenomena led Mr. Ritter to the knowledge 
^^ricnce? refift- refinance, which a weak eleCtricity experiences In patT- 

ance inpalTing ing from one furface to another: and this reii (lance takes place 
to ano*the/^eler ^ vveak (late, for by a fingular property, an eleCtricity 

tiicity ffrong (Irong c'nougli to overcome it opens itfelf a free paflage, and 
enough to over- completely. 

come this palies , .nr,, , r 

off at once. We have juft feen, that the conducting power of an appa- 

As the w^ngc- r^tus might be varied at pleafure, by altering its arrangement*, 
thcconduaing H was natural to fuppofe, that thefe moditicalions would in- 
powcr, it might fluence the chemical and phyfiological effeAs of the fecondary 
wouW*^bflucnce 1^*^^®** propofed to himfelf, to afcertain the dif- 

the effcfts. ferences of this influence. 

And it appeared, Accordingly he (ought how to divide a given number of wet 
that the fewer and folid conduAors fo as to form a fecondary pile, that fliould 
the gTMter^The ^ receive the grealeft poftible charge from a given eleClrical pile, 
chemical efteft 5 Purfuing this inquiry, he difeovered two different arrangements, 
one of which gave a maximum of chemical efteA, the other of 
phyfiological. The firft confifts in a fmall number of alterna- 
tions. In this cafe the conduAing power is very great, the 
flow of the fluid continual, and the phyfiological eft’eA but 
and on the con. weak. The fecond, on the contrary, Confifts in more nume- 
numerou* The^ aiternations; in which the conduAing power is much lefs, 
alternations, the and takes place only at intervals, in momentary difeharges, 
phyTologiLi refi fiance of the furfaces is overcome. In this the 

effect. eleAricity efcapes as it were by jirks, and the chemical effeA 

Aereforeh*^ lefulting from it is fcarcely perceptible, Thefe differences 

produced by a , appear to US to indicate, that the chemical effeAs depend par- 
brifle continued ticularly on a brifk continuous current of the fluid, while the 
^ricirjs the^lat- phyfiological require fucceflive fudden difeharges, entering 

tei by repeated the organs as if by (hocks. 

Aocks, 


From 
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From thefe principles we fee, why the apparatus of Mr. Ritter’s pile 
Kilter is belter adapled to feparate thefe two kinds of adion J^p^rate^thc tv» 
ttan ^ny other. In the common pile the inlenfity increafes adions 
with the number of pairs of metal, and balances the refinance 
arifingr from thefe alternations; while in the fecondary pile the 
intenfity of the two extremities can never furpafs that of the 
primitive pile, and the refinance produced by the alternations 
is entirely employed in modifying the current of a given quan- 
tity of eledricity. 


two 


In fine, if Volta's pile can thus change the fecondary pile jut VoIm’s pile 

of Rttter, this property is owing to its intenfity being ex - c m n t charge 

1 I j r • ’Ll A Rirtfii’s, if its 

tremely weak, and as we may lay imperceptible. A more^j, 

powerful eledricity, fuch for example as that of the common net very weak, 
eledrical machine, would pafs through the apparatus com- 
pletely and not produce the fame effeds. 

Though thefe dedudions appear to us very natural, we of- Thefe dfduc- 
fer them only with extreme referve, and becaufe we think they va,I'ced*^aVcc"r- 
ijgree very well with the fads obferved by Mr. Ritter. tainiiea. 

The difierenccs that exifi in the chemical adion of common Caufes of dif« 
piles, in proportion to thefizeof the plates, occur likewife “i 
the fecondary piles. The arrangement of the pieces of pafle- 
board, their thicknefs, the nature of the folulion with which 
they are wetted, and the order in which they are interpofed, It would be ufe- 
as well as various other trifling circumfiances, modify the ef- 
feds ill a thoufand ways, which it would be both ufeful and iti> 
curious to invefligate. 


XL 


On Spedlades; particularly the Perifcopic, 
Mr. E. Walker, 


Jn a Letter from 


SIRt 


To Mr. NICHOLSON. 

Zy«», March 19, 180L 


U X XVf 

A.LTHOUGH the improvements which have been made Spedades have 
in optics within the laft century, have been fuch as even to ex- "fove^M much 
ceed the expedations of a Newton, yet our fpedacles, the as other optic4 
moft ufeful of all optical inftruments, have remained for ages inlbrumcaw. 
in the fame (late of imperfedion. Many alterations, it is true, 

. U 2 have 
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have taken place In their form, but without producing any bet- 
ter optical effeft ; and this may occaiion a furplcion, that the 
properties of the glafles made ufe o^ have not been clearfy 
.underdood. 

General pofition Emerfon obferves, that " when glafles are put into frames for 
oughfto fall* * ^pedtacles, thefe frames ought not to be ftraight, fo as both 
perpendicularly glafles may lie in the fame plane; but they ought to be fo bent 
on the lens. jn the middle, that the axis of both glafles may be directed to 
one point, at fuch a diflance as you generally look with fpec- 
tacles. By this means the rays will fall perpendicularly upon 
both glalTes, and make the objedl appear diflin6l. But if they 
fall obliquely upon the glaflfes, it will caufe a confufed appear- 
ance in the objedl Martin alfo bent the frames of his vifual 
glafles, for the fame purpofe as above deferibed. And it ap- 
pears from Dr. Wollaflon’sdefcription of his Feriyiopic SpeHta^ 
cies, that they are alfo condru6led on a principle to avoid ob- 
lique rays f . 

Aflertiont *** Angular, that this mode of condrufting fpeflacles, 

that the perpen- fhould have been recommended by fo many writers on optics, 
Uaft^ada^ted^ * when it is eafily proved, that the rays of light which fall per- 
to diftin^ |>endicularly upon the centre of a lens, enter the eye placed 
vifion. ^ more confufed date than thofe rays which fall upon 

a lens obliquely. 

General obs. Smith, in his complete fydem of optics, gives us this 

of Dr. Smith* general obfervation on vition, That the apparent didindt- 
nefs and confuflon of an objedl depends upon the mutual in- 
clination of the rays to each other in any one pencil when they 
fall upon the eyc.^j 

lUuftration j This obfervation being admitted, let L L, Fig, 1. reprefent 
by whicltitis a double convex lens, ao, a ray of light pafling perpendicu- 
a pencil of rays l2ir*y through its centre; cw, and an, two other rays nearly 
pairing near the parallel to the former. The ray a o differs no refradtion; but 
afford'vffion cn by pafling through the lens, will be refradted to- 

lefsdiftin^ wards the right hand, and the ray dn, by refradtion, will be 
turned towards the left ; confequently thefe rays have not a 
mutual inclination to each other when they fall upon the eye 
placed near the Iqns, as at x, 

* Einerfon's Optics, page 167. 
t f Philofophical Journal, V. VII. p. 143. 

Elementary parts of Smith's Optics, page 76. 

4 But^ 
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But, letr^, rt, reprefent two other rays falling upon the —than a pencil 
lens in an oblique diredlion; thefe rays after paffing l^rough 
the lens, will both be refracted towards the left hand, and will 
therefore have a mutual inclination*' to each other when they 
fall upon the eye at y, turned to view an object in the direc- ^ 
tion ry ; hence an object viewed in that diredlion, will be 
feen more diftindly, than if it were viewed through the centre 
of the lens. 

The fame thing may be proved experimentally, thus; let a Experiment 
perfon when reading with fpe 61 acles that are proper for his ihiJ'**** 
light, look attentively for a moment, at a tingle word through dodtrine. 
the centres of his glatfes. Then let him turn his head, either 
to the right or to the left, (without moving the book) fo that . 
the fame word may be feen by oblique rays, and it will appear 
much more diAindly than before. 

From what has been advanced it appears, that when glatfes Inference : 
are put into frames for fpe^tacles, thofe glatfes (hould Hand in 
an oblique diredlion, that the rays of light itfuing from an ob- be fixed ob- 
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and that the me. 
nifcus is not fu. 
perior to the 
double convex. 


introductory 
letter to Mr, 
Tayloft* 


jeCt, may not fall perpendicularly upon them. Bending the 
frames will noteffedl this purpofe, for the glaffes muft be pL- 
,rallel, as reprefented in Fig, 2. where A B reprercn'..s the 
frame, ccand dd, the two glafTes. 

I have a pair of fpcdtacles conftru6led in this manner, but 
fo contiived, that the glafles may be fet to any angle, to (liow 
the difierent effects of oblique and perpendicular rays. 

The theory of Dr. WoIIalton's patent fpedacles, may be 
thus examined. 

. Let the lens L L be taken away from Fig, 1 . and a me* 
’ nifcus of the fame diameter and focal di fiance be drawn in 
its place. Then the rays rs, rt, after pafTing through this 
lens will meet at fpj as before, becaufe this lens is of the fame 
focal di fiance as the double convex, by Hyp, 

Confequcntly thefc rays will fall upon the eye niy, in the 
fame date of convergcncy as before. Whence a lens of the 
menifcus form, pofl'efles no properties, in theory, fuperior to 
the double convex. 

E. WALKER, 


XII. 

Communication reJpeBing the Chay Root, a Species of Maddtr 
tiftd for dying durable red Colours in the Fuji Indies, By 
John Stockwell, Efq, * 

LVJLR. stockwell prefents his compliments to Mr. 
Taylor, with afample of an article called Chaya Root, for the 
infpedllon of the Society for the Encouragement of Arts, &c. 
It is in much ufe on the Coromandel coafl, for dying. He ac* 
companies it with a rtiort extradl, wliich will afford fome 
information concerning it. 

If Mr. Taylor fliould caufe any experiments to be made upon 
it, Mr. Stockwell will be obliged by being favoured with the 
refult; and if pny perfon fliould think favourably of it, and be 
defirous of a quantity, no doubt it may be had. 

India Warchoufes, 

Crutched Friars, 2Sd May, 1803. 

* Made to the Society of Arts, Adelphi, and printed in Volume 
XXIi of their Trapfa£tioi|s« 

2 E^ttraa 
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Extradfrom the Bengal Commercial Confultatioru, the 24:ih of 
^ April, 1798. 


To W. A. Ed MON STONE, Efq! Secretary to the 
Board of Trade. 


SIR. 


I HAVE the honour to acknowledge the receipt of your 
letter of the Sift ult. hiforming me that I was detired by the 
Board to make I'ome experiments with the Chay Root, and to 
report whether 1 think it will be ol any ule to the dyers or 


Letter to the 
Bc'ngal Board of 
Trade. 


calico-printers at home. 

It is rather furprifin?, confidering the pains that have been The Chay. root 
taken in Euiope to difeover, or at leaft to imitate the method 
of dying the Turhjh or Adrianople red, that lb little attention nent red to cot- 
has been paid to the equally beautiful and permanent red given 
to their calicoes by the natives of the coaft of Coromandel. 

^Although full accounts of the praftice of calico printing in the 
Eaft indies were fent home lo. g ago by the midionary Canir 
Doux, M. Poivre, and others, it does not appear that the 
European artids have ever tried their flcill in the Chay root, 
the drug by w hich the admired red colour is produced. I have Not pra«lcally 
never heard, at lead, of any fiich attempts, nor do I believe 
that the root has ever been fent home. It is evident, from 
the manner in which this drug is mentioned by Dr. Bancroft, 
in his Experimental Refearches,” p. \1 that well-informed 
writer had never feen it, which 1 think could fcarcely have 
happened, had it been at all known to the London dyers.' 

It is probable that the tedioufnefs of the Indian procefs, as The'jjian pro- 
deferibed by thofe who fent home the accounts of it, confuting 
of many tirefome mafiipulations, continued during a period of 
nineteen or twenty days, deterred the European artids from 
trying the effe6ls of the Chay root in dying or printing their 
cottons. What may appear more extraordinary is, that the 
fame caufe, co-operating perhaps with the natural indolence 
of the people, and their having cheaper though inferior red 
dyes at hand, has prevented the ufe of this ^oot from obtain- 
ing in Bengal j for, fo far as I can learn, it is not ufed in this * 
part of India, The natives here are content with the red cheaper drugs 
produced by the Aul Munjiet and other drugs, though the co- ufed at Bengal.* 
Jours yielded by thefe are far inferior to thofe of Madras calicoes. 
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Experiments to 
Ihew whether 
the Chay root 
might be of va- 
lue in Europe. 


Cotton w'as 
burred or galled j 


^en wafli^d ; 


and a delign 
made with acc- 
tite of aluminc \ 

wafhed. 


On this account I am furprifed at the meafure which has been 
adopted^ of fending round hither fuch a large <)uantity of the 
chay root from the coaft. I apprehend very little or none of it 
will bepurchafedat the approaching fale, in which cafe it muft 
be either returned to Madras or fent to England, The expe- 
diency of this laft meafure muft depend on the poffibility of fo 
abridging the procefs of dying, or printing cottons with Chay 
root, that the Englifli artifts may find it worth their while to 
have recourfe to it for the reds and purples, inftead of the 
Smyrna madder, or w'hatever other drugs they ufe for thofe 
purpofes at prefent. 

To afeertain this point, I have, agreeably to the inftrudlions of 
the Board, made feveral experiments with iheChayroot; indeed 
as many as the Ihortnefs of the time, and my other avocations 
would permit. From the refultof thefe trials, I entertain great 
hopes that the Englifli calico-printers will not only Ihorten the 
procefs, fo much as to finifli it within a tenth part of the time 
required for the Indian procefs, but that they will by the Chay 
root dye their cottons of a brighter red than can be done by 
madder, or any other vegetable. 

It is needlefs to detail the many trials 1 made, which either 
failed altogether, or fucceecled in a very imperfe6l degree. I 
fhall therefore only mention that procefs which I found to an- 
fwer beft, and by which the piece of cotton cloth, which I 
herewith fend you for the infpedlion of the Board, w as printed* 
Having made a deco6lion of two ounces of powdered Hurr, 
(the fruit of the Myrobolona Citrona*) in a quart of water, I 
took a piece of Madras cotton cloth, and boiled it in the dc- 
codlion for about half an hour. Having taken out the cloth, 
and waflied it well with cold water, I dried it in the fun, and 
afterwards had it properly ironed and fmoOthed for the pencil. 
I then took fume of the acetile of alumine, made in the man- 
ner direded by Dr. Bancroft, and, thickening it properly with 
gum-arabic, 1 delineated a flower with this mordant upon the 
cloth, and dried it in the fun. I afterwards wafhed the cloth 
in cold water, to clear it of the fuperfluous acetite, and dried 
it again in the fun. I then infufed about two ounces of the 
"Chay root, coarfely powdered, with about a quart of w'ater, 
in a vefTel well tinned, and fetting it on the Arc, as foon as the 

* Aleppo galls will probably anfwcr as well as the Herr. 

liquor 
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liquor began to grow warm, I put the cloth into it, and let it 
‘ repiain Until it had boiled about half an hour, during which 
the cl^th wa!5 frequently ftirred. I then took it out, and 
having rinced it well with cold water,. I put it to dry in the 
fun. The delineation of the flower now appeared of a good 
bright red, and the ground of the cloth, though (lightly tinged, 
was much lefs fo than I expedled. By wafhing it again with 
cold water, and afterwards with foap and water, and ex- 
poflng it for a whole day to the fun, during which it was 
frequently befprinkled with water, I brought it to the (late in 
which you now fee it. The whole procefs has only taken up 
about fix and thirty hours. I (bould have mentioned that the 
wafhing with foap heightened the brightnefs of the red con- 
fiderably. 

Making allowance for my w’ant of experience in the praflice 
of dying, and confidering the great improvement which may 
be expeded in the procefs from the fupenor (kill of the F^nglifli 
zjTtifts, I think we may conclude, even from this iroperfed 
cfTay, that the Chay root will be a valuable acquifition to the 
Englifli calico-printers. I therefore recommend, that fo much 
of the root as may remain unpurchafed at the fale, or at lead 
that a part of it may be properly packed up and fent to Eng- 
land by one of the (hips now under difpatch. 

This drug is the root of a plant called by the botanifls Olden- 
iandia Umhdlata, 1 have not met with it in this part of India ; 
but it grows naturally on the coafl of Coromandel, where it is 
alfo cultivated in great abundance, for the ufeof the dyers and 
calico-printers. 

The fample which you fent me appears to be of a good 
quality, and in good condition. It is faid that the root will 
remain with its virtues entire for feveral years, and that they 
are even improved by keeping. If this be the cafe, and pro- 
vided the dyers at home And it anfwer, this circumflance is a 
very favourable one, and mud enhance the value of the drug 
as an article of commerce. 

I am, &c. 

(Signed) J. FLEMING, 

Export Warehoufe, Infpedor qf Drugs* 

6lh April, 1798. ‘ 
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foap, and cleared 
by eapoture to 
the fun. 


This rough eflay 
is encouraging. 


Some account of 
the drug. 


Minute 



ENGINE TO RAISE WATER. 


298 


Minute qf the Board qf Trade, dated April 10 , 1798. 

Opinion of the The Board are of opinion, that the refalt of the InfpedlorV 

Board of Trade, will afford very acceptable information to the 

that the root will \ ^ - r i • • n i i 

be acceptable to calico-pnnters in F ;igland ; and, ir their operations ihould 

calico-printers, prove his ideas to be well founded, the plant may prove a 

ScLl!com- acquifition to the manufa6lurer8 of Great Britain, 

pAny, and alfo an article of commerce from the coaft particularly 

* ufeful, as there is a want of coaft articles of low value, as well 

light, as a fufficiency of ponderous, to make up a proper cargo 

for a large fliip, without (welling its value to too great a ri(k, 

as wovild be the cafe were a ftiip to be loaded entirely with 

piece goods. 


XIIL 


Dejbription of an Apj)aratusfor raifing Water hj the Fall of Wafir 
Water, % Afr. Sharples, Portrait Painter, Bath. Com^ 
municated by the Author, 

Advantages to Every drop of water that falls may be confidered as a 
Sbe*faUo^f wat« power capable of doing fome work ; and it would be 

productive of confiderable benefit in many domeftic and ma- 
nufacturing exigencies, if fmall ftreams and currents defeend- 
ing along the lides of hills, or even through the meadows, 
were employed, by the application of fimple machinery, 
to affift the labours of man, I am informed that numerous 
little mills for grinding corn are diftributed over the face of 
the country, in Portugal, upon very inconfiderable rivulets ; 
where they not only add to the general produCl of humaa 
work, but may alfo perhaps lend to equalize the price of grain 
to the confumer. And indeed if it be confidered that a fmall 
ftream of about a yard wide, running over an obftacle to the 
depth of an inch, and having fpace to defeend through twelve 
inches, would do half as much work in the 24 hours as a horfe, 
whether in grinding corn or turning an engine, or raifing water 
for ufeful purpofes, we (hall be ftruck with the neqeffUy of 
enquiring whether any falling water whatever (liould be fuf- 
fbred to defeend without due employment in its courfe. 


Small mills in 
PortugA^ 


A very fmall 
broolc may do 
workk 


The 
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The ingenious gentleman who has favoured me with the Engine for em* 
fl.«etch from which Plate XVI, was made, has diredled his 
invenfion to teach us how the wafte water of our apartments 
and other fimilar places, may be made toraife other water in 
its defcent ; and the fimple engine he propofcs for thatpurpofe 
confifts of the following parts : 

A, B, andC reprcfent three vellels or compartments. The DcfcripUon* 
upper compartment A is an open trough, or wade receptacle, “ mpaxu 
which can be emptied into the fecond clofe veflel B, by turn- meuis, 
ing the cock D; which cock, by the fame motion, opens tlie 
communication-pjpe I and an air-pipe H, to fiiffer the included 
air to idUe out, N and M are the two legs of a fyphon ; the 
fliorter N, communicating with the refervoir O, containing 
water, and the longer M, communicating with a trough P, 
at a lower level which overflows into the drain. The cock F, 
by the fame turn, opens or flints both thefe pipes at once. 

And ladly, the pipe G forms a communication from the upper 
part of the receptacle B to the upper part of C, The procefs 
may be thus explained : 

When D is opened, the middle veflel B receives wade water The foul svater 
from A, If D be then dint and F opened, the longer fyphon- 
leg M admits the wade water to dow into P ; leaving a fpace warer afeenJs by 
in B wherein the air in C as well as B expands (witli a cJimi- die othci. 
nidied fpring) by means of the pipe G. The piclliire ot the 
Rtmofphere on the water in O will therefore laife that fluid 
into C, provided the height be not too great; and if the dit- 
ference between the heights of the vedels B and C be equal to 
that between O and P, the quantity of fredi water raifed may 
equal that of the wade which defeends from the greater 
height. ^ 

The cock E ferves to draw off the water fo raifed ; at which 
time it is convenient that the cock F (hould be fliut; and this 
diould alfo be done whenever the cock D is opened. This 
may eadly be made to take place by a dmple connection be- 
tween the cocks, without depending on the ikill or diligence 
of the fervant, 

W. N, . 


On 
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ADVANTAGES OF A LARGE KNIFE IN MAKING PENS. 


XIV. 

© 

On Gridiron Penduluni Rods compofed of Lead and Iron, By 
Mr. Benzenberg *. 

Mr< B. employs iVlR, B. was induced to employ lead on account of its great 
dilatability, wl)ich is to iron as 2.37 to 1, fo that 16.5 inches 
taWlity* of lead compenlate 1 .3 ot iron ; and he chofe iron in preter- 

His compenta- cncc to flee!, becaufe ealier to work. Thecompenfation was 
tion made by made by a fingle rod in the centre, 16| inches long, French 
inches' by 4 an* Pure, and f an inch thick. It was (imply pinned into 
inch. gorges in the crofs-piece of copper ; but the other parts of the 

gridiron were rivetted in the ufual way. The iron rods were 
made of the beft thick iron wire. 

Its advantages. The materials of this pendulum are cheap, and it may be 
made in a couple of days. As the preflure takes place in a 
vertical dire6lion, there is no danger, according to Mr. B. of 
rods of ihefe dimenfions bending. 

Modeofeorrea- To correfi thecompenfation, the central rod of lead muft 

compenfation is in ex- 
cefs. The quantity of error may then be found by the freezing 
apparatus, and how much it is requifite to cut from the rod may 
be calculated with the greateft examine fs. 


XV. 


On ike Advantages of a large Knife in making Pens. 

rejpondent. 


The edge of a 
large knife is 
better than that 
ot a fmall one. 


By a Cor^ 


SIR, 


To Mr. NICHOLSON. 


XJsEFUL difeoveries are foraetimes derived from the com- 
mon occurrences of life ; and that which I am now going to 
mention, is a mere accident of this kind. About three years 
ago, I took up a large pocket knife which had been newly 
ground, and ufed it for making a pen, and was not a little 
furprized to find that it anfwered the purpofemuch better than 


Voigfs Magazin fuer den neveften Zuflande de Naturkunde, 
Vol. IV. p.787. 


any 
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any penknife I ever had. 1 mentioned this circu romance Toon 
after to the cutler who made the knife. He faid that he had 
n6 doubt of the truth of my obfervation, as he could harden 
and temper a large blade better than a fmall one ; becaufe 
there is more difficulty in afcertaimng the proper degree of 
heat in the latter than in the former. 

And it may perhaps be a mechanical truths that a llrong And perhaps the 
knife will overcome the refiftance of a hard quill with lefs ex- 
ertion of the hand than a weak one. The blade of the knife 
that I ufe, and which gavc rife to thefe obfervations, is four 
inches in length and half an inch in breadth. 

It may perhaps be fuppofed that a knife of thefe dimeniions It may with con- 
is improperly conftrudled for cutting the fides of a pen into a ^niagrbe^ufcd* 
curve, but it will be found, on trial, that the breadth of the as a penknife, 
blade is no impediment, for it is the form of its edge which 
it receives by whetting, that renders a broad blade quite as 
manageable as a narrow one. 

, 1 ami SIR, 

A conftant Reader of your 
Truly valuable Journal, 

March 22, 1801-. W. 


XVI. 


Communication rtfpeBing an Article fent from the Eajl Indies, 
under the Name of Gum Kuteera, and of which a large ^luan^ 
tity has been lately imported into this Kingdojn, By Mr. 

John Cowie *. • 

'Ro Mr. TAYLOR. 

SIR, 

A HERE is a gum produced in feveral parts of Oude and Gum refemWlng 
the adjacent provinces, fo nearly refembling gum tragacanlh, trsgaanth, 
as to have been taken for it by many ; and large quantities of 
it, of late years, have been imported into Europe, under this 
miftaken opinion. But it is now well afcertained, that this gum * 

(which in the country language is called kuteera) is the pro- 
duce of a particular tree, of quite a ditferent^pecies from the 


* Society of Arts, Vol. XXI. 
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CUM ittJTE^ItA. 


but not fo gluti- 
nous, or appli- 
cable to the fame 

nfea. 


Defer! ption of 
gum kuieera* 


It promifes to 
be nfefiil in 
•Ciifr refpediS. 


Large qii nt’tics 
aie now in the 
India ware- 
boulcix 


thorny bufli which yields the tragacantli ; and being ifnper«k 
fedly foluble, and nofleffing hui little of a glutinous nature, ^ 
renders it inapplicable to the pnrpoles for which gum^traga- 
canth is ufed. I am^ neverthelefs of opinion, that this gum 
might be found ferviccable, in one way or odier, to fome of 
the arts and manufadures, and am therefore induced (hortly 
to defciibe it, and the ufe to which it is applied in India, with 
a view of exciting any of your ingenious correfpondents to 
make experiments on it, and determine its real value, or ab- 
folute inutility. 

The kiiteera is in loofe wTinkled drops or pieces, void of 
fmell and tafte, of a whitiHi colour, and moftly tranfparent. 

In water, it llowly forms itfelf to a pulp or jelly, and is nearly 
taftelefi ; but, if pounded well in a mortar, and then boiled 
in water for hiteen minutes, ftirring it all the time, it will be 
found compleltly diffohed. A tea-fpoonful of this powder gives 
to three pints of water the confiftence of capillaire. Might it 
not in this ftale be of fervicc to painters and artificial fiorifis, 
or even ufed to give a glofs to filks .\The natives of India 
make a varnifli by mixing kuteera with other gums; and I 
have been told, they likcvvife make ufe of it in the printing of 
calicoes. It is the principal ingredient in a medic ine they give 
to their horfes in certain dileafes, and in this refpett is of very 
general confumption. 

I fliall only add, that many tons of this gum are now lying 
in the Eafl India Company’s warehoufes, totally unfaleable, or 
that will notiell for more than the firli cod in India; and if 
this notice iliall be attended with beneficial confequenccs, I 
lhall derive great fatisfadlion in the reflexion of having ferved 
the interofl of the fpeculalors in this drug, amongft whom I 
could fojinerly number myfelf; and I believe I was the firft 
importer uf it into this country, 

I am, SIR, 

Your mod obedient Servant, 

Fiii/biiry~fijuur€f JOHN COWIE. 

25tli May, 1802, 
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XVII. 

Galvanic Experiments with lee, and a Method of rendering the 
EleSiric AtiraSlion of the Pile very evident. By S. P. 
Bouvier, of Jodoigne, Member of the Society of Emulation, 
of Natural Hiftory and Phyfics, at Brujjels *. 


I AVAILED rnyfelf of Ihe firft frofts this year to make fome 
experiments on ice, both as an interpofed fubdance, and as 
an exciter and condudlor. 

Experiment 1. A pile was formed of eighty pairs of plates of A pile of go 
zinc and filver, and as many very thin ditks of ice. It not by of 

only did not give the flighted (hock, but did not excite the ice, produced qo 
lead tade on the tongue, or produce the fmalled luminous 
elfedl. I left it danding for feveraj hours, but found no differ- 
ence in the refult. 


, Exp. 2. I arranged ninety difks of ice in pair.s with as many a pile of 90 
crown pieces, and placed between the pairs pieces of pade- P of Iceland 
board impregnated with a folution of fait. This combination pjftcboaid inter- 
produced no more effe6l than the preceding. potbd, had no 

Exp. 3. The fame number of difles of ice were paired with jee with *mc 
as many of zinc, and wet padeboards interpofed as before, with was equally in- 
the fame refult. active. 


Exp. 4. I made a pile of a hundred and tw enty-eight pairs 
of zinc and diver, interpod ng padeboard impregnated with a 
faline folution. This pile gave fuch drong diocks, that they 
extended to the flioulders with violence. On forming the circle 
of this pile with the hands armed with little pieces of ice, all 
the power of giving a diock was intercepted. I then took a 
piece of ice in my mcAilh, and brought it into contacl with the 
fummit of the pile, while with my hand 1 touched its bafe ; 
but no tade was perceived on my tongue. 

The thaw prevented my purfuing this inquiry any farther. 
If the frod return, I will pair di(|ts of dlv-^er with cad difks of 
muriate of lime, of pure potafli, and of fulphur of potadi, 
in order to produce in the drd tw'o cafes an aflion of phyfical 
folution, and in the lad a chemical a6lion, after the manner of 
Davy. 






and filver, frpa- 
rated by wet 
padeboard, gavf 
drong (hocks 
felt in the (houl- 
deri I kit if 
touched with a 
hit of ice held in 
the hand, no- 
thing was felt. 

It could not even 
excite tafte, 
when the com- 
munication waa 
made with ice. 
Farther experi- 
ments propofed 
with muriate of 
lime, purepot- 
alh, and fulphu- 
ret of potaiht • 


* Journal de Chimic, par Van Mons, for January 1803, No. XL 

p. 52. 
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On a pile of 140 Exp. 5 . On a pile of 1 40 feries of zinc, filver, and pa(le<« 
magnetic ticcSr impregnated with a folntion of fait, I placed an ir/>n ^ 

vras fufpended ; pLVOt, and On this pivot a very delicate and feniible ctmpafs 
the^hanTto*!!^ needle. The firiflion was almod nothing. I firft applied one 
an ofciilatory hand to the bafe of the pile, and I carried the other near to 
motion j:ook^^ ,the; needle. I obferved a flow and ofcillating approach ; but 
magnetic at\rL- ficedle was inceflantly invited to refume the magnetic di- 
tion appeared to redlion, whence I inferred, that the polar altradlion exceeded 
eledtric. I tried then to render the tranfmiflion of the fluid 
more eafy, by making it glide over a metallic condudor, as a 
brafs wire ; but the refult was the lame as when I made the 
fluid pafs through my arm. 

A common pin, Exp. 6. To the magnetic needle ufed in the preceding ex- 

fufpended in the periment, I fubftituted one made of a pin, the movement of 

fame way, was * ' ^ * 

attrafted by a which alfo I rendered very free. I approached this needle with 

wire comrnuni- extremity of a brafs wire that communicated with the bafe 

eating with the ^ ^ , • • . • • , .1. , i r 

pile, at the dif- or the pile, and I perceived it turn with rapidity, at the dil- 
tance of feme tance of a few lines, to rufti againft the wire, A fimilar com*- 
' * m unication eflabliflied through the arms afforded the fame 

refulU 


A filver thread, Exp. 7 . I placed on the fummit of the pile an iron knitting- 
needle, bent, and fufpended to it a filver thread, as it is called, 
needle, placed ufed for embroidery. I completed the circle with one of my 
on the fummit fingers, approaching the thread gradually with it. At a certain 
attralked'^byTh^ diftance the thread applied itfelf to my finger, and remained 
finger. adhering to it, though it was perfectly dry. 

When the com- Exp, 8, I repeated the preceding experiment, only form- 
mumcatiQji^was j^g communication by means of a brafs wire. The aU 
brafs wife, vivid tradlive eflfedl equally took place, and very vivid fparks were 
f^arks were given out between the wire and the thread, which oxided the 
filver was^ox-^ latter over all its fur face, and melted a part of it feveral lines 
ided, and part in length. 

The (^e^effefts experl rnents were repeated agreat number of times, 

took place re- and always with the fame fuccefs, 

A*1Hvm* thread upper dilk of a pile of 97 pairs of zinc and 

fnlpended froma filver, 1 fixed an iron wire, and fufpended to it a fimilar filver 
^re fixe4 to the thread. At the foot of the pile was a communicating bafin, 
pile, was at- m which was a foUition ol fait. Dipping one hand into the 
^tea^cd ^ on^ bafin, and bringing the otlier near the thread, this immediately 
other was dipped Came and ftuck to it. When I took my hand out of the bafin, 
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th^ itiread immediately quitted tFie other, but ftuck to it again into « bafi^ef 
when 1 redrpped my hand into the bafin ; and fo on alter** ,,, 

■ srrr* 

£tj^, 10. 1 repeated the preceding experiment, fixing a 4 filver threap 

brafs wire, in order to obtain more firmnefs in the conta6t with 
the thread, into a block of lead, placed on the table on one bloclc pf lead <m 
fide of the pile. 1 bant the wire into a crook, and Aifpended *he table, wea 
from it an embroidering thread, which I placed at a fmall knob^nheFile, 
diflance from the knob of the pile. As often as 1 held one of when ono Mna 
my hands wet againft the block of lead, and dipped the other Jhe bafir,*«nd^^ 
into the water in the bafin, the thread applied itfelf to the the ocher, 
button of the pile, and ftuck there; but it quitted it as foon touched 

I interrupted the communication by withdrawing either hand, removing either 
This experiment, repeated more than fifty times following, 
was confiantly attended with the fame refult. 


XVIII. 

Experiments on the Adivity of a Galvanic Pile, in •which thin 
Strata of Air are JUhftiLuted iufiead of the Wet Bodies^ J9y 
il/r. Dyckhoff *. 


LR. RITTER has obferved t> that all fubfiances which, Ritter aflerts, 

when interpofed between the conflituent parts of the pile, ex- moifturc is 
. ^ , . ./i nccefTary m 

Cite eledlncity, are active only fo far as they contain moilture; pile, 

and he aHerts, that it is impoffible to confiru6l an afitive pile 

without the intervention of a wet fubfiance. I take the liberty 

to oppofe to this alTertion an experiment, by which it is con- 

tradidled. 1 ponfiructed a pile with dilks of copper and zinc. But agpHe of 

and little bits of thin green glafs, about the flze of a lentil, three *1^ 

of which 1 placed triangularly in the intervals that feparated by biu of 

the metallic plates. Thus between each pair of metals 1 had to at to 

a thin firatum of air inflead'of a wfet fubfiance; and the fol- 

lowing were the refulls : eledtricity $ 

1 . A pile of ten- pairs, tried by the condenfer, afikded the though only in • 

^eledrometer as powerfully as a common pile of five pairs, thftof a^com^^ 

mon half si 
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Damp air did 2, The adliol) remained invariable as long as the air contl- 
J^tWs'dryf^ap- damp air appeared lefs favourable to the pile, 

imrently. 3. The fame degree of eleflricity was communicated by tbe 

The eleftncitjr pjjg ^ Leyden phial. t> 

te the Leyden J he plates were only three inches in diameter. As they 

The!*w ale f already been ufed for a pile in which wet fubdances were 

of the dearicity and were much corroded, I took oft’ the oxided 

perhaps owing portions by a file ; but the plates ftill remained rough and un- 

5 circum fiance 1 aferibe my not obtaining a 

higher degree of cledricily. 1 have yet had no opportunity 

of repeating the experiment on a larger fcale ; but the refult I 

obtained appeared to me fufticient to render the afiertion of 

No reafon why Ritter at leafi quefiionable. 1 fee no reafon why glafs, thin 

g;laf8, &c. fliould foaling wax, or the like, fiiould not have the fame 

pile, as in the eiiea on Volta’b pile as in the condenler. For the experiment 

condenfer. fuccccd, it isneceftkry (hat the bits of glafs (hould be as thin 

Theglafsmuft , , n i- . . ■ 

be as thin and even as pollible ; for, if the firalum of air be too thick, u 

thTth* natural that the elediicity, which is excited in fuch a feeble 

•f airmay be fo. contadt of the two metals, fliould remain iu-» 

active on the adjacent metallic pairs. 


XIX. 

ExfraR from a LtUer from Mr. J, B. Van den Sande, 
Profvjfor at Luxembourg, on the Effiorefcence and IJccompo^ 
Jition of Glafi Tubes 

Oxidation of I HAVE lately had an opportunity of obferving at Icifure the 
uncMi^^n.”°^ common phenomenon of the calcination of white glafs. 1 ex- 
Old baromem- pofed to the flame of an enameiler*s lamp fome old barometer 
flaSw ^turned ^ appeared not to have any deleft, in order lo bend 

wjb^teandopake; them into fyphons. Scarcely had they come into conlad with 
the ftarne, when they turned white and opakc. One of the 
tubes being wetted, 1 placed it on a chamber-fiove to dry ; and 
before it was heated, it was covered with a whitifh effloref- 
and the fame if cence. Heating the others produced on them the fame eftfedi, 
Amply heated, j (ben removed the efflorelcence, replaced the tubes on the 
‘ flove, and they became white afrefh. By continuing the ex- 

c ' * Journal dc Chimle, par Van Mens, IV. p. 232. 
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periments, I reduced an eighth part of the glafs to a very fine { of th« glftTi 
powder ; after which the lubes were opake, and had loft their **‘'***®^'^*®“^^ 
polifi). 


Tl>e greater part of this efllorefcence eKhiblted in the mi* }« rhomltoidal 
crofcope rhomboidal parallelograms ; *the reft triangles, moft parillelograms 
of which were ifofceles. 


Having poured nitric acid on a portion of the efflorefced 
matter, it difTolved 0.20. One part of this folution afforded. The efltoref. 
on evaporation, crjftals of nitrate of foda : the other afforded 
no precipitate with potaQi. 

Thefe tubes were become good condudtors of the electric Thefe tubes hai 
fluid ; which led me to prefume, that their decompofition was 
occafioned by the humidity of the place where they were eie£lricity ; ch« 
kept ; which humidity, after it had penetrated the furface of decompofition 
the glafs, imperceptibly infinuated itfelf into its pores. This 
efflorefcence, however, depends much on the quality of the midity. 
glafs ; for we may obferve in the fame glafs frames, with a fjjceiice^pei^ 
fputh or fouth-weft expofure, forae panes calcined to fuch a much on the 
‘ degree as to become entirely opake, while otliers retain their ^ 
tranfparency, and are perfedtiy inta6t. 


XX. 


On the Criterions or due Difirimimtions qf Cyder Fruit, By 
Xhomas Skip Dyot Bucknall, 

To CHARLES TAYLOR, Efq. 

SIR, 

Herewith you receive a paper on the critcrions or due On c/^er fruit 
difcriminations, by which the valuable cyderTruit may be 
certained, jeferring*to my laft and preceding Papers on Va- 
rieties. 

Report fays, cyders are not well produced out of the cyder 
countries. Were it faid they are not well made, the affertion 
would be juft ; but it is a miftake to fuppofe that cyder cannot 
be made in perfection out of thofe fituations* Only choofe the 
proper foil for the fruit, fee it ground down to a perfeCt fmooth^w^ 
nefs, rind, pulp, kernels and all ; duly fermented.^Tun the^» 
liquor at the exaCt point of time with regard to fettling, which ^ 
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IS well underflood in the Weft, and not attended to elfewhere; 
JJ much. Keep the liquor in quantity to 

a good age; and 1 take the liberty of maintaining, that tbe9e 
are places in Hertford ihire caphble of producing as god^ and 
fine cyder as any in H^refordlhire. 

1 was once afked what are the impediments to a more ge- 
neral fine crop of fruit? My reply was, the coldnefsand un- 
certainly of the climate, injudicious planting, with inattention 
and negledl in (Lofe who have the management of it. As for 
planting and guarding againfl cold, enough has been faid on 
t that fubjedt through the whole of my treatifes. It has been 

obferved the cyders were better one hundred years ago than 
they are now. That may have been the cafe; and I (hould 
account for the difference as follows: — When the gentry and 
Superior yeomanry of the country depended on barley and fruits 
to make an agreeable beverage for their friends, it is natural to 
fuppofe that they peifonaliy fuperintended the bufinefs them- 
felves, and received great fatisfa6lion when their labours were 
attended with fuccefs; whereas, when Port wines became the* 
luxury of the country, cyder, of courfe, naturally fell into 
difufe at the hotte r table s. Hence the mailers of families were 
no longer zealous to produce fine potent liquor, and giving it 
as cyder, that being afiigned to inferior ufes. 

Undoubtedly, where cyder is the general drink of the 
country, great quantities muft be railed for that purpofe ; and 
it is done at fo low and eafy a rate, as to be fent from the mill 
to the neighbour^' cellars under three iialf-pence the gallon. 
What I am attempting is, to be able to produce, at a certatntj^, 
a fine generous liquor, fuch as may do credit to the name of 
the cyderifi, and which will depend much more upon attention 
than is generally imagined . ^ 

After having expatiated on the old and new varieties of tho 
valuable cyder fruits, in the lad volume of the Society’s Tra^nf- 
aflions, I have nothing farther to offer for the purpofe of clo- 
fing Uie Orchardift, than to prefent my bed relpeds to the 
Society, and give them the marked criterions as follow : — 

My friend, Thomas Andrew Knight, Efq, has made good 
•diicriminalions in his Tra€t on the Apple and Pear. The 
Somerfet report has further extended the fubjedl. 

, 1 lay, choofe an apple naturally fmall, of a whitifli colour, 

foiftewliat tinged j, of ^^e yellow pulp, with a cer- 

2 tei* 
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tiin degree of adringencyi and as much faecharine matter aft On tfiti Ihiii . 
nature is difpofed lo produce ; then obferve if the cells are 
^***8^f and full of ripe kernels; and further Hill, know whe- 
ther the bloffoms are patient of cold, |ihd the fruit ripens well. 

Such an apple, particular!)' if a new variety, properly 
ground down and duly fermented, muft make good cyder; and 
both as to profit and ufe, be valuable in any neighbourhood! or 
as an article of trade. The foundation is now fo well laid, 
in the feedling beds in the county of Hereford, that within 
five years there will be more than one hundred new valuable 
varieties produced. J lafi autumn faw (wo mofi beautiful new 
apples, of the firft year's growth, upon the Grange eflate, and 
which decidedly obtained the Hereford premium : they were 
feedlings of high promife. There is an emulation among gen- 
tlemen of that part of the country, which does them great 
credit. 

Dr. Symonds gives feveral of thefe difcriminalions; and in 
addition fays ; — The flavour of a good cyder-fruit cannot be 
miflaken by a man converfant with apples, though difficult to 
be deferibed ; but above all, he recommends to choofe apples, 
the rinds of which have follicles, or cells, containing large 
quantities of eflential oil, more particularly to be noticed in 
the old Hire, golden pipping and paufon, and from which Dr. 

Symonds conceives the cyder in a great meafure derives its 
flavour. It is to be obferved, that the old paufon, woodcock, 
and red mufk, are generally large apples. The old fcorched- 
harvey is an exception as to the yellow colour ; tliat being 
white, with a brown ikin* There are other exceptions; but 
the material criterions are here enumerated according to the ^ 
received opinion. 

Had I formed thefe didindions when I was a boy, I fliould 
then have faid, take any apple bordering on the golden rennet 
or golden ruffet, and it will make good cyder, in cOnfequence 
of fuppoiing that the golden colour is of fervice. We had a 
fine apple, the royal pearmain ; it was tnore fiat and large than 
the Seville orange ; it had a thin flein and quick tafte, with 
much fweetnefs, and made fine cyder: but 1 prefame that va« 
riety is now over, as 1 have liot feen one of them for many 
years. 

In the Ofiober of 1801 , which I fpent in Kent I Was (hewn * 

a new' apple. The tree is bandfome, and the fruit has moil of 

the 
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Os cyder ihc eritcriona^ but does not ripen welb which is a great defed 
in cyder making; we named it The Bland of Harllip. Jt haa^ 
the macula, or follicles in the ikin, more viable than on^the 
golden pippin. 1 inten(| examining it with attention at a fu'* 
tore period, as it is not poflible to form a certain judgment on 
it for fome years. My reafon for mentioning the Bland of 
Hartlip is, to prove that the idea of fearching after new va- 
rieties has made a general im predion throughout the kingdom. 

It was the cudom formerly, if a new apple had many good 
points, but ripened late, to preferve the tree as a new vari* 
ety, imagining that, as it advanced in' age and acquired 
ftrength, the fruit would ripen the fooner, and confequently 
the cyder be richer. I fliould add to it, lay the land dry, and 
fpread plenty of manure. Thefe attentions would much ac- 
celerate the w idled- for obje£l of improving the liquor, as well 
as increafing the quantity of fruit. 

I remain. 

Pear Sir, 

Your obedient ServanI, 

Tho. Skip Dyot Bucknall. 
Hampton-Court, Nov. H, 1802. 
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Concerning the Steam Engine from Mr. Blakey, by a 
Correjpondent, B. 

To Mr. NICHOLSON, 

London, March 20, 1804-. 

SIR, 

Some time about the year 1776, I met with an engineer of 
the name of Blakey, in Holland, of whom Fergufon the phi- 
lofopher and feveral other ingenious men have Ipoken in high 
terms. I do not know whether there is any hiftory of him or 
of his works^ but as many of his contemporaries mud dill be 
living, I diould hope that this notice may produce fome infer-* 
mation through the medium of your Journal. I have lately 
met wilh a^pamphlet by this author, intitled Jhort htfiorical 
Jecount of the Invention^ Theory, and PraStice of Fire Machi- 
fteiyl*' printed at London, in the year 1793, without book** 

feller’s 
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feller^s name. It chiefly confiftsof (horf notices o/ the author^ 
own operations^ with academical teflimonics; and I under- 
from private information* that it was publiflied at that 
time by Mr. B. in indigent circumflances, with a viCw to ob- 
tain fubfcriptions for a large treatife* which has not lince ap- 
peared. Some of your correfpondents may probably favour 
us with an account of the difpofal of thofe writings iince his 
deceafe. I have extracted the oulliiie of hiftory of the tleanj- 
engine from the beginning of his pamphlet, which, if yon 
think will be acceptable to your readers, is very much at your 
fervice. 

I remain. Sir, 

Your obliged Reader, 

R. B. 


IN the beginning of the feventeenth century, a modern Brancai firft 
philofopher conceived the notion of making ufe of fire and ^gchanffm^Po? 
water to obtain motion. This was Brancas of Rome, 1627 . 

contrived a flamping-mill to be worked by fleam, coming 
from a large aeolipile, as may be feen in his twenty-fifth plate. 

We are obliged to him for a number of ingenious inventions, 
which he dedicated to M. Canci, governor of Loretto, in 
1628, and publiflied his work at Rome the year following. 

Thirty-four years after, the Marquis of Worcefler pub- Marquh of 
lifhed a little trealife, under the name of " Century of In*- 
ventions, printed in London, 1663;” he gav/e them as if he 
had tried them, and propofed other engines of great utility, 
which only wanted encouragement from government : Se- • 
vend were nothing ^ut projedls,” faysDefaguliers, but, where 
he is more explicit, there is one for railing water by means of 
fire.” 

In the a 6 ls of Leipzig^ 1690, p. 4 IQ, is to be feen an in- Papin, 1690 , 
vention, intitled, ** A new manner to procure a confiderable 
quantity of power with little expence, by Dr, Papin.” ** In 
this new engine,” he fays, “ of which we have given a de- 
fcfipUon in the ads of Leipzig, 1688, and the intent of whick 
was to obtain a new method pf making ufe of gunpowder as 
a power to give motion, the chief fault was, that the . • 

gun-powder, in Uie under part of the tube, did not entirely 

fill 
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propcfed a pifton fill tho capacity of thU lube. To as to b^e no aif under the 
pifton Papin conlinues to give rcafons UIlc a man of great 
underfianding ; but as there muft be plates and defcrii^tions 
to explain the whole, I (hall fay no more on the fubjecl, but 
only add, that the dodor did his beft to obtain hib end in 
another manner. He (liews that, with '' A little water 
changed into fteam by means of fire, we can have an eladic 
power like air ; but that it totally difappears when chilled, 
and changes into water; by which means he perceived, that 
he could contrive a machine in fuch a manner, that, with a 
' little fire, he would be able, at a fmall expence, to have a 
perfedt vacuum, which could not be obtained with gun- 
powder/^ Among various contrivances, this appeared to 
anfwcr the bed. In the work itfelf a plate of this contri- 
vance will be given, which, however, is not to be compared 
to what has been invented fince Papin, by men who had never 
heard of him, and were altogether much inferior to him in 
theoretical and pradlical philofophy. , 

Ctpt. Savcry, In 1699, a remarkable year for the honour of Etiglifh in- 
genuity. Captain Savery (hewed to the Royal Society an en. 
gine which railed water by means of the expan(ion and con- 
denfation of deam ; he publKhcd a little treatife, which he 
named The Miners^ Friend the defcription of this engine 
is to be feen in Harris’s Didtionary of Arts, &c. printed in 
London, 1704. This learned man fays of Savery’s engine, 
that with little art it can be kept in adlionaslong as one will, 
and that it cannot be hurt but by dupidity and negligence.’' 
Harris looked on' this invention of Savery ’s to be one of the 
mod ingenious combinations that had ever been made in hy- 
’ draulics, and I may add, that it is furpriling that a feafaring 
gentleman, in all likelihood little ufed /o the working of 
metals,* (hould have brought his invention to the perfedtion he 
left it in. 

* It is feen that Papin is the drd that thought of a pifton tp be 
applied in Are machinery, though it was but in a tube about two 
ihches diameter, yet it (hewed the utility of piftops, which the aflr 
cient Greeks knew as well as the modems, Uing one of the moft 
*(imp]e inventions in hydraulics, as may be feen in Vitruvius, fpeak* 
ing of the pumps of Ctefibus fcr the forcing water to a great 
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Jn Ihe tnerooirs o[ the Academy of Sciences at Parif*, page Amonton'* 

U?, 1699, is to be feen an account of Mr. AmonloiPs, who «»*^***t 

ibewed the drawing of an engine, in which fire heated ain 
which was to tbrce up water on a wheel, to make it turn. We 
fuppofe he underfiood his theory ; liut to me it appears im- 
practicable, though it muit be faid that Montieur Amonton^s 
notions are ingenious and ufeful for thofe who defire to know 
to what degree the expantion of air, for procuring power, can 
be brought. 

There is alfo feen in the fame Academy’s works, Mr. ^^’Alefme 1705 
D’AIefine’s propofal to ratio water by means of fteam, pro- 
ceeding from liot water ; in a machine (a fort of aeolipile) in 
which the elaflicity of the (learn makes the water fpout to a 
great height, fo flrong is that expanlive power.” Auguil 3, 

1705. 

In 1707, the famous Papin publifhed^ at CafTel, a trealife >7o7:* 
on a new machine for railing water by means of fire; he 
thought Ins m«'iiiner was belter than Savery’s. He fays, " All 
the world fliall know that ii is the Landgrave of Heife to whom 
this invention is due, and by him it was brought to the per* 
fedtion it is in, though many obfiacles were found in the ex- 
ecution.” 

1 cannot help remarking, what a pity it is that fueb an inge- 
nious man as Papin fliouid take (o much pains to acquire the 
reputation of being the firfl in the invention of fire-machinery. 

To appear Icfs partial, he lakes from liis own merit to flaller ^ 

the landgrave, who certainly did not underfland thofe mailers 

fo well as he : but, notwithdanding the confideration that is 

due to a fovereign and to the celebrated Papin, I make bold ^ 

to fay, that this engine was far from having the merit of 

Savory’s ; and 1 cary fay more, experience has made me believe 

that no man has feen the do6lor’s engine work a couple of 

hours, as may be conceived from the difficulty he found in 

making fleam, and encreafing its elailtc power in his receiver. 

Papin has neverlhelefs given us deroonflration in upwards of 
forty pages of calculations, which prove his underftanding and 
learning. This machine is in my academical works. 

In 1710 , Thomas Newcomen, ironmonger^ and Johit Newcomen and! 
Cawley, glafier, at Dartmouth, contrived to work a piUon 
in a cylinder, by the weight of the almoTpbere only, vvhen with s pidoi^ 
tbEy had formed a vacnupi in their veffel; bal it took them 

much 
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much time to briog fuch a complicatioiwof apparatus to per- 
fedion, for which they were crhtcifed more out of jeatoufy 
than reafon ; however, they brought their engine to p^form 
by hand as well as potBble for that time, much to Iheir honour, 
as well as to that of a country boy whofe name was Humphry 
Potter, and who, to give himfelf time to play, contrived 
tackles to make the engine work itfelf. 

The bringing this engine to perform as it did, proves that, 
when nature is ingenious, it finds out the way to come to its 
ends without the humdrum pedantry of fchools. An iron- 
monger, a glafier, and a country boy, brought to perfedion 
the lever fire-engine, which all the univerfities and academics 
of Europe had not the leaft notion of before Ihefe ingenious 
mortals appeared. This difcovery has not been improved 
but in accefiaries, and by no means as to principles, as 
thefe are more fimple, and can work with lefs fuel than 
thofe fo much vaunted, if care is taken in making them. 

As Toon as thefe happy inventions came to light, Beighton, , 
another ingenious man, ftept forth and made tables for the 
dimenfions of vefiels, in proportion to the weight of the 
atmofphere, which proportions are followed to this day. This 
has made the world believe that the whole art of fire-ma- 
chinery is concentered in Newcomen and Cawley’s lever- 
engine. 

In 1718, Dodor 'Defaguliers made an amendment (ac- 
cording to him) on Savery’s engine ; but his method w^as not 
followed, as it caufed the death of the manager ; which muft 
often happen when the dimenfions are in the manner he con- 
trived them. 

After this engine, Mr. Moura, a Portuguefe gentleman, 
invented fome geers to make an engine, ^on Savery’s princi- 
ples, to work itfelf : they were ingenious, but too complicated 
to be put in pradice. 

The making a fire-engine for York-buildings gave an op. 
portunity to improve as to the manual part, and to be lefs 
expend ve. 

Experience in making fire-engines has brought Mr. Darby, 
of Colebrook-dale, to make the cylinders large enough to 
have a vacuum in them, equal to the weight of 80,000lb. of 
atmofphere, ten and fifteen times in a minute. This per- 
fedion of workmanlhip has procured to Englahd a great ex* 

4* portation 
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^rtatlon of cylinderi* pipes, &c. to many parts of Europe 
' and America. At Liege, and in the Netherlands, they uM aneof piecei 
to hajje their cylinders from England; bat, being very ex- 
pen five from the duties and carriage^ &c. the indufirious^ 

Pofibn, at Liege, with his fmall foundry, found means to 
nwike cylinders of three pieces ferewed together, which he 
bored, and made them ferve as well as if they were of one 
piece. 1 have feen one work as well as can be defired. 

In 1752, Monfieur RivatZf a Swifs gentleman, made aRlvats, 1751. 
fire-engine on Savery^s principles for the Chevalier Nugue, 
at Nogent J\ir Marne, twa leagues from Paris; the apparatus 
to make the engine work itfelf was of his invention, and per- 
formed very well ; his boiler, however, being out of propor- 
tion, the man who attended the work was much hurt by the 
explofion of the fleam, which diferedited the machine, though 
well contrived in every part except the boiler. 

, (J::lr Next followt the Account of the Author*s own Works. 


XXII. 

Ohfervations and Communications on the Dry Rot m Timber ^ 
made to the Society for Encouragement of Arts *. 

The mifehief arifing in buildings from that decay of the Introdu^ory rs« 

timber and wood-work, known in general by the name of 

Dry Rot, has been, and yet continues fo great, as to demand 

every attention for its prevention. In the Xllth Volume of 

the Tranfadlions of the Society of Arts, publiHied in the year * 

]794<, will be found fome valuable fa6ls, furnifhed by Robert Robert Batfoii, 
Batfon, Efq. of Limetioufe, rcfpedling the methods he took th 

prevent this evil, in one of his rooms greatly affected by it. rot. 

The plan he adopted was, to charr the ends of bis timbers, to 
take away the infedled earth to the depth of two feet, and to 
fill up that fpace with anchor-fmiths' afhes, or afhes from a foun- 
dry, before his flooring-boards were laid. On the 15th of May, 

1794*, which was upwards of fix years after the, flooring was . 

]^id, as above mentioned, a minute examination of the boards, 
ivainfcot, and timbers, was made in the prefence of a Com- 

^ Extracted from their TmofaRions, Vol. XXI; 
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inkfce of the Society/ and they were all foaod cntirdy frcj^ from 
any appearance of the Rot. To invefiigate the matter miyfe * 
fufly, a farthet inquiry has be^n made in June, ISOS, ^nd an 
onfw^r receivedi that there has been yet no appearance of the 
Dry Rot there; the Society, therefore, think it may be of con- 
fequence to notice the fad, and to infert, in the prefent Volume, 
fome other papers with which they have been favoured upon 
the fubjed. They contain many hints deferving public atten- 
tion, and which will doubllefs tend to Check the progrefs of 
this evil. 


Letter from BuNi. Johnson, Efq> on the Jkme SuhjeSt. 

To CHARLES TAYLOR, Efq, 

SIR, 

Account of a SOME time between 177 1 and 1773, I went, at the requeft 

pew very much Qf a friend, to the Chapel at the Lock-Hofpital, through cu- 
affededbythe • r. . .u .u . u j r l ' 

dry roc. nolity, to examine a pew there, that had frequently been re- 

paired for damages by the dry rot. 

It 18 a plant. After a clofe inveftigationi we found that it was the operation 
of a plant, whofe leaf refembled that of the vine. Wherever 
it had touched, the effed of its poifonous quality got through 
the wood to the paint, which I have feen a mere (kin. 1 pro- 
Deftroyedbyco- pofed to cover the door with bricks, laid in mortar, which was 
accordingly done. 1 called twice fince, the lafl time about 
feven years ago ; and have reafon to think that it had never ap- 
peared again. 

The next opportunity of examining it carefully wat at Mark- 
Hall, in ElTex, the feat of Mr. Montague Burgoyne. In a 
parlour there were three pillars of ^bout ten inches in 
diameter, the outWoOd of which was btnween two and three 
inbhes thick. Tw6 of them were eaten through in lOfs than 
feVeO years, from thebafes, about two feet upward, within the 
holioW, and were as rotten as if it had been the effbd of e 
huhdi-ed yefars (landing. Mr. Montague Burgoyne’s gardener 
was a boiantft : we found the plant where I direded him to 
feurch fbt it ; and he faid it was the Soletta Lacktyfno/tis, * 

At 

Some authors call it a paraiitical plant; and it is (bmethnes to 
be found with the willow ami fallow tribe» but thif ii not to , the 

pu rpofe. 
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At Buother I it in a houfe at WhilahaU« bailt by Ano«lier la* 

Sir John Vanbragh» whofe nophew then lived in it. The houb 
ii^ I think* only tero ftorier h%h ; the plant had afcended to * 
the fi^pper (lory, committing devadation on the wainfcot 
all the way. It will dedroy half-incb deal wainfcoling in a 
year. 

1 have bad it twice in houfes I inhabited, one in Suffolk, and other pltcei, 
and the other in Gloucefterftiire. I bore with the firft ; in 
the Other cafe, I undertook, and did dop it effedlually. 

The caufe is irom the door being laid on the earth, which It is caufed bv 
has been, where I have obferved, of a gravelly or fandy loam. ^^^»n«n‘catioii 
The moidure from a water-courfe at hand, ora North af- earth; 
pe6l, where the outer wall dancU in a garden*bed, fo that 
the rain percolates, are great encouragers : it requires moif* 
lure. 

It never rifes in the middle of the door ; becaufe, if the with accefa of 
feed were there, it could not germinate for want of air ; but it^*'** 
is eafy to foppofe* that after the door is (hrunk, an air may be 
created between that, and the vacancy between the wainscot 
and outer wall fufdcient for the purpoles of vegetation. 

1 faw an indance, lad fumipcr, in the houfe of a friend, a 
dudent in botany. He was furprifed when I told him, it was 
a vifit from a plant ; but fo it proved, and always is, and ever 
was fo ; nor does it originate from any other caufe. 

In my own cafe, I removed the original foil near the part Pj^efs of oiii'o. 
affedled, and fupplied its place with fand. I then placed 
pieces of tile; on thofe Ilaid mortar, and tiles over them, pudiing 
them under the wainfcot, fo that it had no communication with 
the joi^s or door. Pillars, in like manner, diould be kept from 
the earlh. • 

In laying a door upon the ground, I (hould take away the 
earth for a foot in breidth, and four inches in depth, all round 
the walls, a^d place the ends of the joills in mortar, covering 
them wUh tiles prefled under the door and wainscot, quite (o 
the outward wall. Iron or tin plates would do, but are not fo 
cheap as mortar and tiles. 

purpofe. Till within a few months I have never been without fome . 
leaves of the plant. For many years they appear exhaufted and 
'dead, and ibon crumble into duft; butlfufpeft that freth wood 
attra^ a frelh growth from the root. ^ 


This 
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SIS 

wit* adhefive powers, put in contaft with 

alojig wood. wood, if it could pafs over brick or mortar, it might be 
feen to fpring froift the cellars, and hlfed half the hoafes th 
the kingdom. ' 

In fliort, the wainfcdt is to be kept free from contadt witli 
the joifts and floor ; and 1 believe it cannot be better efTedted 
than I have defcribed. 

I am, SIR, 

Your obedient Servant, 

Dec. 21, 1799. BENJAMIN JOHNSON. 

To the Secretary. 

(To be continued,) 
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SCIENTIFIC NEWS. 

Society qf Agriculture, Commerce, and Arts, at Boulogne-Jtir-, 
Mer.* 

TThE following quefiions propofed by this fociety are noticed 
as of general and not local import. 

1 . It is generally acknowledged, that marling is one of the 
moft important means of improving land ; accordingly the fo- 
ciety will bellow a prize on the memoir, in which the nature 
of marles, their various fpecics, and the raoft advantageous 
mode of ufingthem, according to ihe- difference of foils, fliall 
be bell unfolded. 

The author will be particularly careful to point out to formers 
external charadlers, that will enable them eafily to diAinguifli 
each fpecies of marie. ^ 

2. Sheep are fubjcdl to a difordef known by the name of 
vertigo, or the dunt. The number that die of this difurder 
may be eftimated without exaggeration, at ihr^e or four in a 
hundred annually. If then there be about thirty millions in 
France, we may reckon, that nine hundred, or nine hundred 
and fifty thoufand are thus loft every year. It is occafioned 
by a hydatid formed in the head of the Oicej). This hydatid 

* MagaztH En^clapedique, No. 3. June, 1803. p. 401* 

' conlaihi 
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contains an extremely limpid water, and a white fubfiance, 
divided as if into grains, which have been found by the mi- 
^rolfcope, lo be real worms. It appears, that to care this 
difcftler, the head of the fheep mull necclTarily be opened, 
and hydatid extricated : but thu» operation has hitherto 
appeared fo hazardous, and has been attended with fo lilt So 
fuccefs, even in the veterinary fchool at’Alfort; that the Society 
has deemed it highly important to the fcience of agriculture, 
to offer a prize to the perfon who fltall point out the bell me- 
thods of treating the vertigo of flieep, and curing them per- 
fedtly of this diforder. He will take care that his method be 
fupported by experiments made with accuracy, and confirmed 
by unqueflionable teflimony. 

The prizes will confifl of medals, which the fociety will 
deliver at the public meeting, on the 28th of April, ISOi. 


Cri/JlaUization of Lime bj/ TromJdorJ', denied by Bertholkt, 

In the firft volume of the oflavo feries of this Journal, p. 
.302, is infvrted A method of cryflallizing lime, by Profeffor 
Troinfdorfl/^ tranflatecl from the Journal der Pharmacie, Vol. 
IX. part I. p. 108. The fame procefs is alfo in Van Mons’s 
Chemical Journal, No. II. According to which, muriate of 
lime is to be boiled with one fourth or even lefs of cauflic lime, 
and the fluid is to be concentrated. Afterwards, by flow eva- 
poration, long flencier cryflals of cauftic lime are obtained, 
which are to be freed from the adhering muriate by ablution in 
alcohol. 

This rcfult is denied by Berlhollet, who, in his Efai du 
Statique Chirnique, Vol. I. p. 350, fays, I have repealed this 
experiment, and have afcertaiiied that thefe cryftals were not 
lime, as has been announced, hxxi muriate of lime with an excfjk 
qf lime,** He continues, if thefe cryllals be treated with 
water, other proportions are eflabliflied; the part which diU 
fotves is the muriate, which retains but a fmail excefs of lime, 
and the portion which is not diffolved retains a greater excefs 
of lime; by adding water, fucceffive reparations may be ob-' 
tained, and the proportions will depend on the relation of the 
diffolving force to the rcfiflance of the cohehon/’ 


Caufedhv ahf« 
datid in tM 
head. 


Its extraction 
dangeroas. * 


What is the befl 
method of treat- 
ing it? 


Error refpe£ling 
the cryAaljixa- 
tion of lime. 


Canterfion 



SCtMVTlFrC Htv/Si 





Cbfh wetted 
with fall ^u)d 
wtter^ uf"d 'n 
the galvanic pile, 
18 converted into, 
.foap of woo) ) 
the muriate . 

' being dccom- 
pofed by the' 
line, wlrch is 
oxided, and the 
fod,\ combining 
with the wool. 


C<mo€rJ]X>n qf Pieces qf Cbth impregnated ^Uh a Solutifn 
Salt into Soap qf Wool, h\/ the A&ion of the GakamCf^ikt^ 
BRUaNATKLLI. ^ ^ 

I HAVE examined the fingular alteration produced in the 
bits of doth wetted with a foiution of fatt^ inierpofdri between 
tbeditk^ of copper and zinc arranged in the pile^ and I have 
found, that thej are at length converted entirely into foap of 
wool. / 

i On this occaiion the muriate of (bda is decf^mpofed by the 
zinc^ that undergoing oxidating, and the foda, 

feparated by this decompofition, attacks the /wool, and forma 
with it foap. 


THE Woik of Mr. Parkinfon, of Hoxton, on the organic 
remains of the former world) is in confiderable forwardnefs. 
The firft part on ihe foffils of the vegetable kingdom, 
trated with coloured plates, in quarto^ is propofcii to be pub* 
iidiod on the did of June next. 
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of reducing the foreign to EngUib, p 
Mcchain, 76 

Meicury is evaporablc, 25— 'Method of 
uniting it with platina, 92-«-Iti Axa^ 
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nifm, 207-^Sew apparatus to produce 
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MoiAufe not neceffary in galvanlfm, 303 
Moon, Agns of the weather from, 151 
Moroxylate of lime, chemical examination 
of, 132 

Motion, tremulous, one of the caufet of 
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Perifcopic fpedtacles, propofed as a reme* 
dy for the defedts in comraon ones, 146 
— Objedted to, 192— Experiment prov* 
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